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Liquid Temperatures up to 850° Fahr. 


~~ Goulds Fig. 3360 Multi Stage Pumps for 
high pressure cold oil charging and for pipe 
lu ] , Z f 4 . ij JUMMIA line service. 

Those who are responsible for keeping hot oil pumps in service 
prefer Goulds Fig. 3410. They know how well this pump operates 
under all conditions. They see the savings in time for inspection be- 
cause of the 45° split casing cover which can be removed without : 


disconnecting either suction or discharge pipe. — | 








They have seen the water cooled bearings, extra deep stuffing boxes 
and other features stand up under months of gruelling service. And 
they know from experience that the Goulds top horizontal discharge 
prevents vapor binding. 


These men know what it costs per hour to have a hot oil pump shut 
down. That is the main reason why you will find so many Goulds Fig. 
3410 pumps specified and in service today. 





Goulds Bulletin No. 205 gives the complete specifications. Other 


bulletins on Service Pumps, and the Goulds Hydroil Oil Purifier also Giim Hydroils used on the fuel and lub 
ti il tr Diesels cuts operatin 
mailed on request. — <= 2 LF, 


GOULDS PUMPS Inc. 


ATLANTA, BOSTON, CHICAGO, HOUSTON, NEW YORK, PHILADELPHIA, PITTSBURGH, TULSA, Representatives in all Principal Cities 
THERE IS A GOULDS PUMP FOR EVERY PURPOSE IN THE FIELD, IN THE PLANT AND ON THE PIPE LINE 
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WE DO OUR PaRT 


Evidently the hard fight led lowered. And speaking of under dogs—why 


Tax Evasion 








by the American Petroleum 
Institute against gasoline tax evasion is bearing 
fruit. Figures just compiled on 1933 gasoline tax 
collected by states showed that despite a loss in 
gasoline gallonage amounting to 25,000,000 for 
the year as compared with 1932, gasoline tax re- 
turns collected by all states were up $6,000,000. 

The gasoline tax collected by the various 
states amounted to $518,000,000 for 1933. Fed- 
eral gasoline tax collections amounted to $181,- 
000,000. 

There was practically no change in the gaso- 
line tax rates in the various states, only one state 
—and it comparatively a small gasoline con- 
sumer—showing an increase in the rate. 


should a farmer get tax free gasoline for his 
tractor on the plea that the tractor does not use 
the roads, when his brother running a truck or a 
taxicab in town (always on city streets) has to 
pay the full rate. Arkansas has made a move 
that will be interesting to watch. 


Can’t Make lt A” unexpected angle for 
control of twilight refinery 


operations in East Texas has appeared along 
with the bonding provision of the revenue regu- 
lations covering collection of taxes. Some of the 
gentry have established for themselves such rep- 


ha The fight led by the A. P. I. showed itself in utations that bonding companies do not see them 

- the building of public opinion; gasoline tax laws as reasonable risks. Pleas probably will be made 
with teeth in them; improved attitude on the for them on the basis that they are poor and 
part of state collecting agencies. In many in- down-trodden. But it should be remembered that 
stances states materially increased their collect- many messengers and junior clerks are bonded 
ing forces. Apparently it paid. and rates are not high on reasonable risks. Truth 

of the matter is that an element has entered the 

oil business whose tactics are as malodorous as 

wg were the activities of the stock selling promoters 

Tax Exemption Arkansas, runner-up for ofa few years ago. Tragedy lies in the fact that 

high honors in amount of the industry not only must bear the stigma of 

gasoline tax—6'4 cents for the state and occa- such association, but voices are raised in defense 

sionally some city taxes, is taking the lead in a_ of such an element to the detriment of the honest 

new move. Arkansas courts have upheld a and substantial majority of the industry. 

change in the gasoline tax which eliminates all 
exemptions. Kick had been made against having 
“agricultural” gasoline taxed. The court said 

that there was no more injustice in tractor fuel More Roads Some one once said, “The 

paying road tax than there is in collecting school prosperity of a nation is 

. tax from people who have no children in school. measured by its roads.” 

’ The exemptions were cancelled because of abuse. That is as true today as it was 1000 years ago 
loo many farmers use tractors to get exemption and recognition of this fact was given by Presi- 
on the gasoline they use in their cars. That sit- dent Roosevelt when he signed the Hayden- 
uation exists other places than in Arkansas. The Cartwright Act, authorizing $522,000,000 for 
idea of easing the tax burden on the “under dog” highway construction. 
that prevails with most legislators can lead only The need for more and better roads has never 
to encouragement of crookedness. To have all been questioned. Better roads are of particular 
inotor fuel bear the tax might result in such ad- importance to the oil industry. The more roads 
‘itional collections that the tax rate could be and -he better they are, the more automobiles 
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that will travel them and the more automobiles 
in wider use means the consumption of a greater 
quantity of petroleum products. 

Several provisions of the bill are expected to 
put a damper on the practice of diverting state 
road funds to other uses, which means that more 
road construction mileage should be built with 
collected money during the next three years than 
would have been the case during the past few 
years. 


Dr. R. E. Wilson, vice president in 
charge of research and develop- 
ment for Standard Oil Company 
(Indiana) and P. C. Keith, vice president of M. 
W. Kellogg Company, in the discussion of the 


Solvent 
Refining 


economic aspects of solvent refining of lubricat- 
ing oils, bring out some highly interesting points. 
Their analysis of the trend toward adoption of 
solvent processes, the discussion of comparative 
costs, and the data on plant operations with va- 
rious types of crudes is recommended to those 
interested in this important subject. Incidentally, 
it is reported that 25 solvent plants, operating or 
under construction, represent at present a total 
capacity of 33,500 barrels per day. Page 252. 


W. L. Nelson, University of Tulsa, 
begins in this issue a series of two 


Fouling 


articles on the fouling of heat exchange appa- 
In the first article he gives illustrations 
which indicate why so much confusion exists 


ratus. 
concerning heat transfer rates. He discusses the 
various types of deposits such as hard, porous and 
loose and includes data on conductivities and 
film temperatures. The second article will dis- 
cuss in detail the fouling factors that can be ex- 
pected in every day plant service. The series 
will prove of real value to those concerned with 
the design and efficient operation of heat transfer 
equipment. Page 271. 


Standard Franco-Americaine de 


Raffinage, Port Jerome, France, 
§ 2 


Refinery 


In France 
recently completed and placed in 


continuous operation the newest and largest re- 
finery in that country. The plant is modern in 
every department and includes the latest in en- 
gineering design and modern processes. It is 
jointly owned by Standard Oil Company (New 
Jersey), Gulf Refining Company, and The At- 
lantic Refining Company. Photographs of va- 
rious departments of the plant and description 
of processing facilities are presented in this issue. 
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Dr. Benjamin T. Brooks interest- 
ingly relates the history of re- 
search and development work and commercial 
production of synthetic alcohols and related sol- 
vents from petroleum. In his discussion of this 
interesting topic of synthesis of alcohols, which 
marked the beginning, perhaps, of the petroleum 
refining industry’s overlapping with the chem- 
icals industries, he gives the sources of raw ma- 
terials and discusses the methods of conversion 
now practiced. Dr. Brooks, as consultant for 
Standard Alcohol Company, writes with author- 
ity on this subject, for he has been intimately as- 
sociated with the development and progress of 
the production of synthetic products from petro- 
leum since the early days of the World War. 

Page 248. 


Alcohols 


Chemicals ?. ©. Keith and H. O. Forrest in 

their discussion of the utilization 
of chemicals by the petroleum refining industry 
point to the ever widening and increasing num- 
ber of such chemicals which the industry re- 
quires for the manufacture of its various prod- 
ucts. Very interesting is their estimate of the 
annual gallonage consumption of solvents, where 
a constantly increasing demand is indicated. The 
authors state that any prophecy of the future 
trend of chemical utilization in the industry must 
necessarily be visionary, but that it may be safely 
stated that it will continue to be toward more 
complex and selective materials, and the high 
yield and high quality products will become more 
and more important as the supply of high quality 


crudes decreases. Page 259. 


Under the title “Hydro-Metallurgi- 
cal Methods Applicable to Oil Re- 
fining,” L. C. Trescott concludes that some of the 


Settling 


facilities and equipment perfected in another field 
of industry may be applied, “as is” or modified to 
some extent to serve the refining industry well in 
securing higher quality products more quickly 
and easily than some of our present methods— 
thus reducing costs. The first of the series of 
two articles deals largely with settling problems 
in the treatment of heavy oils. The types of fa- 
cilities which may be utilized to advantage are 
described in detail as are their operation. Set- 
tling problems have been carefully studied, and 
equipment designed especially to facilitate it, to 
give the highest degree of clarification, and to 
handle slow settling materials at the lowest pos- 


sible cost. Next Month. 


fine 
of | 


ear 


Gu 
par 
tot 
lov 
du 
po: 
eig 
co 


pe 
ou 


Ju 























—Courtesy The Lamp. 





Battery of crude oil distillation units at the refinery of the Standard 
Franco-Americaine de Raffinage, Port-Jerome, France. 


4 


: ® 
| rort-Jerome hetimery Un 
_ three years of construction work and trial 
operation, the refinery of the Standard Franco- U & e U - 
Americaine de Raffinage at Port-Jerome—largest re- 


finery in France and one of the most modern plants 





of its kind in the world—was placed on full schedule 
early this . : 
ily this month. 18,000 barrels daily, and at present 1s running on 
_Owned jointly by Standard Oil Company (N. J-), an average of about 8000 barrels daily of Colombian 
Gulf Refining Company and Atlantic Refining Com-  ¢ryde and 9000 barrels of Peruvian high cold test 
any, the Port-Je ( 3 y : ‘ . ‘ ‘ ; 
> on Port Jerome plant was constructed at @ Gil, Gasoline output is running at about its capacity 
total cost of approximately 400 million francs, fol- “000 bs a . ar, 
ae ‘ pei ; ‘ —7000 barrels daily. The plant is capable of turning 
owing changes in the import laws and increases 1n ad , ‘ 
dut; iy: ; : out lubricating oils at a rate of between 1600 and 
duties levied on finished petroleum products 1m- ae ten ae q dj aie lesired 
ported into France which made it desirable to pro- es ae ve a — me ss ger Spee: f 
duce ich products locally. Several other large for- Just ae eee pone sie sires an or 
eign oil companies already operate refineries in that dustrial oils and motor oils are being turned out at 
the rate of about 1500 barrels daily. 


country, and eventually it is expected that French 
petroleum markets will be supplied entirely from the The Port-Jerome refinery boasts two 2-stage pipe 
output of refineries in France. stills, the first stage of each operating at atmos- 


The new plant has a nominal crude capacity of pheric pressure and the second stage under vacuum 
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General view of plant toward the south from one 
of the cracking units. 


for the refining of lubricating oils, running direct to 
asphalt bottoms. Three 1000-pound cracking coils, 
with a combined capacity of about 60,000 gallons of 
total feed per hour, operate on reduced Peruvian 
crude, phenol extract, gas oil and light distillate. 
One of these coils is operating part of the time re- 
forming gasoline for higher octane and better fill. 
Like Bayway, where plans for the Port-Jerome 
plant were drawn, the French refinery has a com- 
plete continuous treating plant for cracked naphtha, 
a stabilizing and recovery unit, and also a butane 
extraction plant. This product is sold in the form of 
bottled gas, and finds a popular market with stove 
others. Later it is planned to 


manufacturers and 
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construct equipment for the extraction of pentane. 

One of the outstanding features of the refinery at 
Port-Jerome is the phenol plant. Here lubricants 
are manufactured from high-grade distillates by the 
phenol process, with which the Imperial Oil Com- 
pany, Ltd., has had such success at Carnia, Canada. 
The phenol plant will process approximately 3500 
barrels daily of feed stock which is distillate cuts 
from Colombian crude. 

In addition to phenol treatment the equipment for 
lubricant manufacture at Port-Jerome includes a 
centrifugal dewaxing outfit for lowering the cold test 
of high viscosity lubricants. Finishing of the oils 
is done by clay contacting. The oil is mixed with 


a a a als 


Absorption type recovery plant and stabilization system. 











Three 1,000-pound cracking coils with combined capacity 
of 60,000 gallons of total feed per hour. 


activated clay, heated, and the spent clay separated 
by filter pressing. 
At present the French refinery gets its crude 
Around October 1, 


however, it is expected that Iraq oil will begin to 


from Peru and Colombia. 
arrive in small quantities at Tripoli, the northern 
leg of the Y-shaped line tapping the Mosul oil fields, 
so that by the end of 1934, according to present in- 
dications, crude from Iraq will be available at Port- 
Jerome to supplant oil now coming from Peru. 

The refinery is located about midway between 
Rouen and Havre. Crude is shipped by tanker to 
the latter port, unloading into shore tanks and trans- 


ported the remaining twenty-three miles to the re- 








‘Bite 
rt 
finery through a ten-inch pipe line. Eventually it is 
hoped that the channel of the. River Seine will be 
deepened to permit passage of tankers direct to the 
refinery docks, but in view of the shifting sand bars 
at the mouth of the river and the heavy expense in- 
volved, this improvement is not expected for some 
years to come. 
In accordance with the announced policy of the 
company, the Port-Jerome refinery will be operated 


entirely by French personnel. This is, in fact, being 


done at the present time with the exception of a 


skeleton crew of American refining engineers who 
are remaining in France for six or eight months in 
order to train the local operators. 


Treating department, with modern continuous treating 
system for cracked naphthas in the foreground. 




















Alcohols and Related Solvents 


-p iecatgararal of alcohols or alcoholic beverages 
is one of the world’s oldest industries. When the 
art of distillation had become sufficiently developed, 
fusel oil was separated and this remained the only 
source of amyl alcohol until the discovery of acetone- 
butyl alcohol fermentation during the world war. 
Alcoholic beverages may always be made, with Nature’s 
kind assistance, by the fermentation method since, with 
the possible exception of Russian vodka and water- 
front gin, the flavor and bouquet of alcoholic beverages 
are of the highest importance. Chemical synthetic 
methods, however, have increased the number of 
alcohols and related solvents available to industry and 
their manufacture has been established in a period of 
industrial depression which has been particularly favor- 
able to the manufacture of the fermentation products 
at low cost. Molasses at the Atlantic seaboard at 4.5 
to five cents per gallon and corn at 20 to 30 cents per 
bushel is a price level for these raw materials which 
may not be seen again, at any rate not before the com- 
pletion of another “cycle.” 

Cellulose ester lacquer solvents first became of real 
importance during the war when they were in demand 
for “dope” for airplane wing fabrics. Cellulose ester 
lacquers rapidly assumed industrial importance after 
the war and with their adoption for automobile finishes, 
the growth of the lacquer and solvent industry was very 
rapid. Industrial acetates and the 
ketones also have a great number of other important 


alcohols, alcohol 
uses, as an anti-freeze material for automobile radiators, 
as solvents used in the manufacture of so-called arti- 
ficial leather, or patent or enameled leathers, solvent 
extraction of drugs, etc. 

In the World War, the ethylene used by Germany, 
the Allies and the United States for the manufacture 
of mustard gas was made by decomposing ethyl alcohol. 
All the ether used for anaesthesia has also been made 
from alcohol. Synthetic ethyl alcohol, made from the 
ethylene in cracked oil gas, may greatly change the 
picture with respect to all of the industrial uses. We 
can produce pure mustard gas~for war purposes from 
oils gas ethylene; and ethyl ether, once actually made 
from oil gas on a small industrial scale by P. Fritsche 
in Richmond, Virginia, in 1896, is now made in quan- 
tity incidental to the manufacture of synthetic ethyl 
alcohol. 

Isopropyl alcohol was not known as an industrial 
product until manufactured from oil gas by Standard 
Alcohol Company. It is an important factor in the 
anti-freeze alcohol market and has physical and solvent 

‘properties very close to those of ethyl alcohol. It, in 
turn, serves as a raw material for the industrial manu- 
facture of acetone and for isopropyl acetate, a low 


FROM 


Petroleum 


BENJAMIN T. BROOKS 
Consultant, Standard Alcohol Company 


boiling constituent of 
resembling ethyl acetate. 


solvent mixtures and closely 


Secondary butyl, amyl and hexyl alcohols were also 
unknown to commerce before their manufacture from 
oil gas or the light fractions of cracked gasoline, and 
these in turn serve as the raw materials for the manu- 
facture of other industrially new ketones, solvents 
which have established themselves as lacquer solvents 
and for other uses. 


The reasons for this development are many, but 
probably the outstanding reason is the development of 
oil cracking for gasoline. Fritsche had to crack oil, by 
very imperfect methods, to oil gas and the entire cost 
of the operations had to be borne by the single product 
made, ethyl ether. The cracking of oil for gasoline 
gives by-product gas which, in the case of large crack- 
ing still plants, is sufficient in quantity to provide for 
the industrial manufacture of synthetic alcohols, at 
minimum cost. The manufacture of these solvents 
therefore will in all probability remain as an industry 
operated in conjunction or in cooperation with oil 
cracking. 

The costly research which has been necessary to 
perfect the manufacturing methods for producing 
these synthetic alcohols and solvents has been supported 
by petroleum interests, and mainly by Standard Oil 
Company of New Jersey and the Petroleum Chemical 
Corporation, which companies pioneered the field and 
whose alcohol interests and numerous patents now are 
merged in Standard Alcohol Company, with a large 
manufacturing plant at Bayway, New Jersey. Other 
companies which now are active in this field are Shell 
Petroleum Corporation, Carbide and Carbon Chemicals 


Corporation, and Distillers Company, Ltd., in England. 

The reaction of ethylene with sulfuric acid to form 
ethyl sulfuric acid and the hydrolysis of the latter to 
ethyl alcohol goes back a century to the early observa- 
tions of Faraday and Henmel. In 1862 a liter of ethyl 
alcohol was exhibited at the London Exhibition which 
was said to have been made from the ethylene of coal 
gas. Industrial attempts to produce alcohol from the 
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ethylene in coal gas were made about 15 years ago at 
Bethune, France, and at the Skinningrove Iron Works 
in England. In 1918 the writer, with I. W. Humphrey,’ 
in a study of the refining action of sulfuric acid on 
cracked gasoline, showed that a series of alcohols (and 
polymers) were produced. A little later Standard Oil 
Company of New Jersey began the industrial manu- 
facture of isopropyl alcohol from cracking still gas 
under the patents of Carleton Ellis and his associates. 
Oil gas olefins, ethylene and propylene, were also used 
for the production of chlorohydrines, glycols? and on 
small scale for the production of mustard gas by Com- 
mercial Research Corporation under the writer’s direc- 
tion in 1917-1918. The oil gas used in this work was 
made by the old Pintsch method and was not indus- 
trially successful at the time, due largely to the fact 
that the ethylene and propylene were not separated and 
the resulting products were mixtures of the two series. 


The chief sources of olefin raw material for synthetic 
alcohols, which can be considered commercially, are as 


follows: 
A. Ethylene, Propylene and the Butanes. 


(a) By-product gas from pressure cracking stills. 
The dry gas, after gasoline absorption, produced by 
cracking operations of this type is commonly five to 
seven percent of the oil charged. It is too poor in 
ethylene to be considered as a good source of this 
olefin. The gas released from the gasoline stabilizer 
columns is, however, a satistactory source of propylene 
and butenes. 


(b) By-product gas from vapor phase cracking. The 
dry gas, after gasoline absorption, produced in this way 
amounts to about 14 percent when running to fuel oil 
residuum or about 24 percent of the oil charged when 
running to coke. The dry gas contains 20-23 percent of 
ethylene and about 16 percent propylene. In earlier 
vapor phase cracking operations, the proportion of gas 
formed was somewhat greater and the ethylene content 
of the dry gas was 25 to 28 percent. The effort natural- 
ly has been to reduce gas formation, one of the serious 
handicaps of this type of cracking. The gaseous olefins 
also now are being polymerized under heat and pres- 
sure largely to gasoline so that these olefin-rich gases 
should ordinarily be considered as having a value some- 
what greater than their fuel value. While the coking 
type of operation, in which the heavy fuel oil residuum 
is coked and the volatile products recycled through the 
cracking coil, produces more gasoline per barrel of 
charging stock, much more gas is also produced, and 
the daily throughput much reduced. Under ordinary 
conditions, the coking type of operation is less economic 
than that producing fuel oil residuum. 


(c) Cracking propane and butane. Propane and 
butane as obtained incidental to the stabilization of 
gasoline is a relatively low-priced raw material. As 
obtained in stabilizing natural gas gasoline it commonly 
contains about 75 percent propane, the balance being 
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chiefly butane. In the gas fields this stabilizer tops is 
often burned as fuel or vented to the air. While the 
total potential production of such material is enormous, 
the gasoline recovery plants are scattered and in the 
great majority of cases are very temporary in character. 
When liquefied and shipped in pressure tank cars, its 
cost is considerably increased to approximately the value 
of gas oil. The only situations where such material is 
available in quantity and as a sufficiently permanent 
source of supply is in the larger refineries and at large 
gasoline recovery plants located on a large gas trans- 
mission line or gathering system. Such locations suffer 
from distance from the major alcohol consuming 
markets. 


Propane can readily be cracked in nichrome tubes 
at about 1500° F. as shown by Podbielniak,’® to give 
about 1.8 volumes of cracked gas containing 30 to 32 
percent ethylene. 


B. Butanes, Amylenes and Hexylenes. 


(a) Cracked gasoline made by pressure cracking. 
The light naphtha fraction of such gasolines contain 30 
to 40 percent of olefins. 


(b) Cracked gasoline made by vapor phase cracking. 
The butene fraction from this source, as made by 
cracking for gasoline at about 1090° F., contains the 
following: 

ieee 10-12 percent 
Isobuteme . ........ 20-24 percent 
m. DOS 245.6240 50-55 percent 

(mainly butene-2) 
ee eee 12-14 percent 
ig: ME Bie ce teoses 2.0 percent 

The amylene fraction contains about 20 percent 
pentane, less than two percent dienes, 5-10 percent 
trimethyl ethylene, 45-55 percent n. pentenes, the bal- 
ance consisting largely of isopropyl ethylene. The 
hexylene fraction contains about 65-70 percent olefins. 


CONCENTRATION AND SEPARATION OF 
OLEFINS 


Coal gas contains two to 2.5 percent ethylene. Before 
the industrial production of synthetic alcohols from oil 


gas, many processes were proposed for the concentra- 


tion or separation of olefins (ethylene) from gas mix- 
tures. The use of charcoal for this purpose was pat- 
ented by Soddy* and low temperature liquefaction was 
tried out at Bethune, France, where the Claude system 
was used. More recently, Voorhees and Youtz® have 
concentrated ethylene from lean gases by absorption 
in ethyl alcohol, under pressure. The separation of 
close cut liquid hydrocarbon fractions, including the 
propylene-propane and higher boiling fractions, is not 
difficult, following very closely the recent industrial 
production of liquid propane and butane. The separa- 
tion of ethylene in this way, even utilizing the method 
of absorbing in oil under pressure, greatly increases 
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the cost. It is doubtful if such separation of ethylene 
and propylene would be sufficiently advantageous to 
pay for the added cost, so far as alcohol production is 
concerned. Propylene is so much more reactive to 
sulfuric acid than ethylene that it can be removed in 
this way to produce isopropyl sulfate and isopropyl 
alcohol, leaving the ethylene in the residual gas. 
Fritsche removed propylene by scrubbing with con- 
centrated sulfuric acid, converting it into polymer, but 
under the conditions patented by Ellis and his co-work- 
ers the propylene is converted mainly to alkyl sulfate. 
Pressure greatly increases the efficiency of the reaction 
of the gaseous olefins with sulfuric acid, which is an 
important factor in making the separation of ethylene 
unnecessary. 


CONVERSION OF OLEFINS TO ALCOHOLS 


The olefins should be purified by the removal of 
hydrogen sulfide and mercaptans, as otherwise the re- 
sulting alcohols are malodorous. Isopropyl alcohol, 
when intended for denaturing ethyl alcohol, is purpose- 
ly produced in a malodorous grade. When the light 
naphtha fractions are first sweetened by alkali and lead, 
before distilling these cuts, the mercaptans not removed 
by the alkali are converted into the higher boiling 
disulfides so that the light fractions are free from 


mercaptans. Much of the earlier effort was directed 








scrubber at Sugarland, Texas Gulf Coast. 
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to removing the malodorous sulfur derivatives from 
the alcohols. 

Industrially, the conversion of olefins to alcohols js 
accomplished by sulfuric acid, at various concentrations 
and temperatures best suited to the different olefins, 
Other acids, such as phosphoric and hydrochloric acids, 
have been proposed but are not as efficient or as cheap 
in use as sulfuric acid. The cost of sulfuric acid js 
approximately halved by the use of recovered acid. 

Fritsche was able to recover only one third of the 
acid used, due evidently to the conversion of the higher 
olefins to polymers and tars. Operating at atmospheric 
pressure and in the simplest of apparatus, he obtained 
very poor acid efficiency although he claims a yield of 
ether of 70 percent on the ethylene absorbed. His re- 
sults have until very recently served as the basis of the 
opinion widely held and quoted in many books, that 
the manufacture of synthetic ethyl alcohol could not 
compete with fermentation ethyl alcohol, largely on ac- 
count of the high acid cost. However, when the other 
olefins are removed, either by physical methods or by 
absorption under proper conditions to produce other 
alcohols, and when, by the use of pressure, 1.5 moles 
of ethylene are absorbed per mole of sulfuric acid 
(diethyl sulfate being formed) the diluted sulfuric acid 
is clean enough to be recovered economically. 

Numerous patents have appeared in which the direct 
or catalytic hydration or addition of water to ethylene 
to form ethyl alcohol is described. Some of these 
processes recommend dilute acids under high pressure, 
50 to 250 atmospheres, and others recommend phos- 
phoric acid or acid phosphates impregnated on various 
materials, with a large excess of steam and a wide 
range of operating temperatures. So far as the writer 
is aware, none of these methods has reached com- 
mercial production. 

With reasonable care in the purification of the 
ethylene, there appears to be no reason why synthetic 
ethyl alcohol may not be used for beverage purposes. 
However, this is doubtless a political question rather 
than a chemical one. Isopropyl alcohol is made suffici- 
ently pure for perfumers’ use. Ethyl ether is an op- 
tional by-product of synthetic ethyl alcohol. When pro- 
duced in pur* form, it should be acceptable for anaes- 
thesia, as «was that made by Fritsche nearly 40 years 
ago. 

It has been noted that diethyl sulfate is formed by 
continued absorption of ethylene in sulfuric acid. 
Curme® separated it as such by volatilizing it from the 
acid reaction mixture, carrying it out in a stream of 
excess gas; Maimeri’ precipitated the ester by the addi- 
When the acid re- 
action mixture, containing diethyl sulfate, is diluted 
and hydrolyzed, ether is formed by the reaction of the 
disulfate with alcohol. The use of an autoclave, (0 
obtain higher temperatures and more rapid hydrolysis, 


has been patented by Basore.* Diethyl sulfate as 4 


tion of water to the acid solution. 
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commercial product, for introducing the ethyl group, is 
employed in much the same way as dimethyl sulfate. 


Diethyl sulfate is only very slightly soluble in hydro- 
carbon oils, but the solubility of the disulfates of the 
higher ethylene homologs in gasoline increases with 
the size of the hydrocarbon radical and accounts for 
the presence of neutral dialkyl esters of sulfuric acid, 
not removable by alkali washing, in cracked gasolines 
which have been refined by sulfuric acid, as was first 
noted by the writer with I. W. Humphrey.’ Use of 
small proportions of concentrated acid favors forma- 
tion of the disulfate esters. Formation of sulfur di- 
oxide on re-running acid-refined cracked gasoline is 
familiar to most refiners. Ellis was evidently the first 
to recommend the use of acid somewhat less concen- 
trated than the customary 66° Be acid for refining 
cracked gasolines, which procedure in general gives 
a refined product of better color and less formation of 
heavy polymers, though less effective in removing 
sulfur compounds. 

Production of solvent alcohols from cracked naphtha 
or gasoline is thus a natural outgrowth of acid refining 
of cracked gasolines. When the acid reaction mixture, 
from the treatment of butenes, amylenes, hexylenes, 
etc., or cracked naphtha is diluted with water, a por- 
tion of the alcohols separates as an oily layer, and 
further alcohol formation occurs as hydrolysis proceeds, 
as by boiling the diluted acid product or sludge. Some 
years ago, when the practice of boiling down diluted 
light oil acid sludge in open lead lined tanks or pans 
was still common practice, the writer frequently noted 
the camphory odor of the higher alcohols carried by 
favorable winds for a distance of several miles from 
such a refinery. Such alcohols are of course contam- 
inated with foul smelling sulfur derivatives (mercap- 
tans), polymer oils and tars. The manufacture of high 
grade solvent alcohols has been made possible by care- 
ful purification of close cut hydrocarbon fractions, and 
careful distillation of the products. 

The diluted and hydrolyzed acid reaction products 
are distilled with steam in packed lead lined towers and 
the crude alcohol distillates purified by further dis- 
tillation, 


Esterification of the secondary alcohols, made from 
petroleum, is generally carried out by the method of 
Bue and Clough,® in which a small proportion of min- 
eral acid catalyst is used and the water formed in the 
reaction carried overhead until the reaction is substan- 
tially complete. In general the esters used as lacquer 
solvents have a somewhat higher solvent value for nitro 
cellulose if the product contains about 85 percent ace- 
tate an’ 15 percent alcohol, rather than higher percent- 


ages ester. Esterification (acetylation) of these 
alcohols proceeds nearly quantitatively, without diffi- 
culty, although the old method formally used to 
acetylate fusel oil, using large proportions of concen- 
trated sulfuric acid, is not su.table for them. 

More recently the ketones, made from the secondary 
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alcohols, have come into favor as lacquer solvents, or 
more correctly as ingredients of lacquer solvent mix- 
tures. These ketones are very simply manufactured by 
passing the alcohol vapors over a catalyst in heated 
tubes.”° 


PATENT LITERATURE 


Development of the art is well reflected in the pat- 
ent literature which has grown up about this art. Thus 
in one of the early Ellis patents", the propylene is first 
removed by passing the gas through sulfuric acid of 
sp. gr. 1.80 and then the ethylene is absorbed by more 
concentrated acid at a higher temperature, above 60° C. 
A counter current system of scrubbing the gas, ethylene 
being absorbed in the last absorber by sulfuric acid sp. 
gr. 1.84 at 90° C., the propylene etc. at lower tempera- 
tures, is described by Isham and Born.’* Mann and 
Williams** describe scrubbing gas containing olefins by 
sulfuric acid at temperatures below 30° C. in the pres- 
This 


has been in fact an important improvement in the pro- 


ence of a non-reactive absorbent for the gases. 


duction of isopropyl alcohol, a specially designed ab- 
sorption tower being used for this purpose’*. The treat- 
ment of mixtures of olefins, such as cracked gasolines 
with sulfuric acid less concentrated than that of sp. gr. 
1.84 so as to produce alkyl sulfates was described by 
Ellis and Cohen”. 
diluted alkyl sulfates prior to distillation was noted 


The importance of hydrolysis ot the 


by Merley’®, and the selective removal of olefins form- 
ing tertiary alcohols by first treating an olefin fraction 
with dilute acid has been described by Davis and 
Murray’*. When ethylene is absorbed under pressures 
above 250 pounds per square inch, the absorption is 
very rapid until about 1.5 moles of ethylene are ab- 
sorbed, diethyl sulfate being formed, as shown by the 


i shown that 


writer'®, and FEngs and Moravec?’ have 


when n. butenes are carefuiiy purified from isobutene 
and butadiene, the reaction with 90-100 percent sul- 
furic acid can be carried largely to dibutyl sulfate. 
Altogether approximately 150 patents have been issued 
on various details and improvements in the manufac- 
ture of synthetic alcohols from olefins, which is prob- 
ably sufficient indication that the art is not disclosed 
in the early text books. 
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Economic Aspects of Solvent 


Refining of Lubricating Oils 


XTENSIVE research during the past 10 years has 

resulted in practically universal agreement among 
oil technologists that the four most important prop- 
erties of a motor oil from a standpoint of quality are 
as follows (the order of arrangement having no sig- 
nificance) : 

1. Low Carbon This, of 
course, means less carbon deposit in the engine, which 
minimizes detonation and obviates the necessity for 
frequent carbon removal. Carbon forming tendencies 
in the oil have ordinarily been judged on the basis of 
the so-called Conradson carbon test, but recent infor- 
mation’ indicates that actual carbon-formation in the 
engine is probably more directly related to the vola- 
tility of the heavier portion of the lubricating oil. 


Forming Tendencies. 


2. Low Pour Point. Contrary to a popular impres- 
sion, the pour point is not in any sense an indication 
of the minimum temperature for easy starting, but 
it does indicate rather closely the minimum tempera- 
ture at which oil will flow through the screen on the 
suction side of the oil pump and hence to the various 
parts of the engine to be lubricated. Since even mo- 
mentary failure of the oil supply during cold starting 
is a frequent source of damage to the engine, it is im- 
portant that the pour point be as low as the tempera- 
ture at which an engine could be expected to start on 
the oil in question. Pour points lower than this have 
no practical significance. 

3. High Viscosity Index. Since motor oils must op- 
erate over a wide temperature range it is important 
that their viscosity change as little as possible with 
variation in temperature. This property is ordinarily 
measured in terms of the Dean and Davis Viscosity 
Index? and oils which have a high viscosity index tend 
to give easier starting at low temperatures and lower 
consumption in high temperature operation than oils 
of the same viscosity at standard temperatures but 
lower viscosity index. 

4. Resistance to Oxidation. It has been recognized 
for some time that the formation of sludge in auto- 
mobile engines, and the sticking of rings, etc., is due 
largely to the oxidation of certain constituents of the 
motor oil; but it is only recently that an oxidation test 
has been developed*® which appears to correlate close- 
ly with the behavior of oils in service. A high resist- 
ance to oxidation means a long life for the motor oil 
and a minimum of ring sticking. The prevention of 
ring sticking also results in better consumption char- 
acteristics in long service. 
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N this analysis of solvent refining and its effects 

upon lubricants and the industry the authors have 
discussed the economic aspects of this important de- 
velopment in a most thorough manner. They state: 
“There still exists disagreement as to whether the oil 
should he a distillate or a residuum, a wide or nar- 
row cuts, but in general refiners are producing or 
planning to produce a line of oil which will combine 
100 Y.I. low carbon residue, low pour point with 
excellent sludging and oxidation properties. Whether 
all these properties in maximum degree are essential 
to a satisfactory motor oil is still open to some ques- 
tions; but since solvent extraction opens the way for 
any refiner to make, from a wide variety of crudes, 
oils meeting or excelling in laboratory inspections 
all points of previously claimed superiority, the ‘sol- 
vent extraction race’ is on.”’. This paper was pre- 
sented before the Mid-year meeting of the American 
Petroleum Institute at Pittsburgh. 
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It is also rather generally agreed that other tests 
upon which considerable stress used to be laid, such as 
gravity, fire and flash points, color, etc., lack any prat- 
tical significance except as they may be indirect indi 
cations of some of the four above mentioned prop- 
erties. 

If, however, the attempt is made to evaluate the 
relative practical importance of the four above met- 
tioned properties, serious disagreement is encountered. 
This is due partly to the fact that the relative ir 
portance of the different properties varies with the 
season and with the engine, but probably more to the 
fact that refiners who make their motor oils from 
Coastal and California crudes have long emphasize! 
the properties of low pour point and low carbon-form 
ing tendencies in which their product has always & 
celled, whereas Pennsylvania refiners have emphasize! 
low consumption, easy. starting and stability in servicé 
which we now know are largely determined by th 
second two properties of viscosity index and resistant 
to oxidation. Refiners of Mid-Continent crude havt 
tended to emphasize balanced quality, since their oils 
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have been reasonably good in all four respects, though 
generally not up to the maximum in any single prop- 
erty. 

As long as no one of these groups of refiners was 
able to duplicate the talking points of the others, it 
might be expected that the disagreement would con- 
tinue indefinitely; but even before the advent of sol- 
vent refining, progress was being made in the difficult 
problem of refining oils in such a way as to obtain 
properties not inherent in their respective crudes. Thus, 
Mid-Continent and Pennsylvania refiners soon found 
it possible and desirable to obtain minimum pour points 
for the various grades, either by more complete de- 
waxing or by the use of pour-point depressors. Mid- 
Continent refiners generally tended toward the use of 
more distillate oils and less bright stocks in their oils, 
which further reduced their carbon-forming tendencies ; 
but the dewaxing of the heavier distillates was not 
satisfactorily solved until the advent of solvent dewax- 
ing as discussed later. However, it was not economical- 
ly feasible for the Coastal refiner to approach the 
stability or viscosity index of Pennsylvania oils nor 
for the Pennsylvania refiner to approach the low car- 
bon-forming tendencies of Coastal oils. Accordingly, 
prior to the advent of solvent refining, no single crude 
would yield an oil meeting the customary maximum 
standards for all four of the important properties of 
a motor oil. 


The development, and particularly the commercial 
adoption, of solvent refining, has been due to a very 
considerable extent to the development of accurate 
measures for the two properties in which Pennsylvania 
oils excel. Accurate measures for the other two proper- 
ties of pour test and carbon residue in which Coastal 
oils excel, were developed much earlief. As a result, 
the definitely better performance given by Pennsylvania 
oils under severe conditions had for many years to be 
attributed to some mysterious factor connected with 
the state in which the oil originated or the number of 
million years of aging it had undergone. When reliable 
measures were developed for viscosity index and re- 
sistance to oxidation the Pennsylvania refiners’ claims to 
superiority were put on a much sounder basis, but at 
the same time these tests greatly stimulated attempt to 
produce these properties in equal degree from less ex- 
pensive crudes. Event the chemists who claim to be able 
'o age whiskey in a few days might well hesitate before 


| attempting to duplicate the effects of millions of years 


of aging, but once the mystery was banished and con- 
crete properties substituted, rapid progress was made in 
equalling or excelling these characteristics from a 
variety of crudes. 


A particularly important stimulus to work on sol- 


/ vent extraction was the development of the concept 


of viscosity index. In 1928 Hill and Coats‘ coined the 
term “‘Viscosity-Gravity Constant” (V.G.C.) by means 


of which naphthenic and paraffinic oils could be dis- 
tinguished. In 1929 Dean and Davis? proposed the 
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term “Viscosity Index” and arbitrarily assigned values 
of 100 and 0 to oils made from extreme types of crude, 
the extremes being Pennsylvania on the one hand and 
certain Gulf Coast crudes on the other. While this 
system is open to some criticism and may soon be re- 
placed by a better criterion, its simplicity and the fact 
that it gave the figure 100 as a mark to shoot for, led 
to its wide adoption and to a great stimulation of re- 
search on solvent extraction. 

Whereas: solvents had previously been compared 
largely on the basis of results obtained as to yield, 
color, and the stability of the finished oil, they now 
began to be compared largely on the basis of whether . 
or not they would give oils of viscosity index approach- 
ing 100. It was soon found that quite a number of 
solvents could be used to produce, from some asphalt- 
base crude and from practically any mixed-base crude, 
oils with a viscosity index equal to or better than that 
of Pennsylvania oils. Service tests further showed that 
such solvent refined oils, given the usual finishing treat- 
ment, also equalled or exceeded Pennsylvania oils in 
resistance to oxidation and performance in service. This 
has resulted in a growing unanimity as to what consti- 
tutes the desirable properties of motor oils. True, there 
still exist disagreements as to whether the oil should be 
a distillate or a residuum, a wide or a narrow cut, but 
in general refiners are producing or planning to pro- 
duce a line of oil which will combine 100 V.I. low 
carbon residue, low pour point with excellent sludging 
and oxidation properties. Whether all these properties 
in maximum degree are essential to a satisfactory motor 
oil is still open to some question; but since solvent 
extraction opens the way for any refiner to make, from 
a wide variety of crudes, oils meeting or excelling in 
laboratory inspections all points of previously claimed 
superiority, the “solvent extraction race” is on. 

Other and very valid reasons have been advanced to 
explain the rapid expansion of solvent extraction, 
such as: 

1. The desire to produce oils of unvarying quality 
irrespective of the crude source. 

2. The desire to minimize acid treating losses and 
sludge disposal problems. 

3. Actual need for a better oil, as regards ease of 
starting, sludging tendencies, and consumption char- 
acteristics, because of larger motors operating at high- 
er speeds and temperatures. 

While the above reasons are constributory to the 
expansion of solvent extraction it is probable that the 
effect of competition is much more important. It is 
the object of this paper to outline in a very general 
manner the probable economic results which will fol- 
low the widespread use of solvent refining. 

COMMERCIAL DEVELOPMENT OF SOLVENT 

EXTRACTION PROCESSES 

The first commercial solvent extraction process was 
that of L. Edeleanu utilizing liquid SO, as the solvent. 
The process found its most general application in the 
refining of burning oils and kerosene. In 1927 the first 
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TABLE I 


Solvent Extraction Plants in Operation 























| Capacity of 

Finished Oil 

COMPANY Refinery Kind of Solvent (Bbls./day-42’'s) 
i. Aseocinted Oil Company..................... | Avon, Cal. SO2 1,500 
nee ae .| Martinez, Cal. | Cs 1,500 
oS: Empenmt On Company....................... | Sarnia, Ont. | Phenol 2,000 
4. Tidewater Oil Company.................... Bayonne, N. J. | SOe 1,500 
5. Standard Oil Company (Ind.)..... Casper, Wyo. | Dichlorethyl ether (Chlorex) 500 
6. Standard Oil Company (Ind.).. ak Wood River, III. |  Chlorex 1,006 
7. Mid-Continent Petroleum Corporation. . Tulsa, Okla. | Chlorex | 150 
8. Indian Refining Company.............. Lawrenceville, IIl. |  Furfural | 1,500 
9. Standard Franco-Americaine de Raffinage...... Port Jerome, France Phenol 1,600 
10. Union Oil Company.................... Oleum, Cal. SO2* | 1,500 
ll. etal he cna 8 fd SSS PEED | | Marnie et 2 tS a ae ene Chlorex | 1,000 











*In process of conversion to SO2-Benzol. 





such plant for lubricating oils was installed by Associat- 
ed Oil Company in California. The oils produced had 
good sludging and oxidation characteristics but a low 
V.I. The commercial extraction of lubricating oils in this 
country began with this plant. Installation of this plant 
might have been expected to stimulate commercial ac- 
tivity in this field, but it really had the opposite tendency 
because the solvent effect of SO, was too low to even 
approach the characteristics of Pennsylvania oils; and 
since SO, was known to be about the best solvent for 
refining of kerosene it was commonly assumed that 
since SO, did not give Pennsylvania quality motor oils 
no solvent could be expected to do so. 

In 1930 Imperial Oil Company installed at Sarnia, 
Ontario, a phenol extraction plant to treat Colombian 
distillates. The operation proved very successful and 
was described by Stratford, Moore and Pokorny in 
1933°. In 1931 Ferris, Berkhimer and Henderson® pub- 
lished their results on the relative ability of some 110 
solvents to improve the V.G.C. of various oils. In 1932 
Standard Oil Company (Indiana) installed at Casper, 
Wyoming, the first Chlorex extraction process. Also, 
Ferris and Houghton’ described in a number of articles 
the results to be expected from nitrobenzene. The 
modifications made to the Edeleanu process to use a 
solvent consisting of SO, and benzol were outlined by 
Cottrell’. 

The publications of these articles on solvent extrac- 
tion were indicative of the interest being aroused. In 
1933 the number and scope of papers dealing with the 
same subject enormously increased. A casual survey of 
the 1933 publications reveals 17 articles® dealing with 
solvent and dewaxing. A more careful 
search would undoubtedly reveal several more. The 
rapidity with which solvent extraction has advanced 
and is advancing is shown by the fact that of the 12 
articles presented before the Refining Group at the 
November, 1933, meeting of the American Petroleum 
Institute eight dealt with solvent refining. 

In considering the entire field of solvent refining it 


extraction 


seems desirable to divide the processes into three gen- 
eral types, as follows: 
1. Solvent dewaxing, including the acetone-benzol 
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process, centrifugal dewaxing with chlorinated solvents, 
and the use of propane as a combined refrigerant and 
diluent for dewaxing various types of oils. 

2. Solvent extraction processes, which should be 
further subdivided into (a) single solvents such as 
phenol, Chlorex, furfuraldehyde, and 


SO., the iatter with or without benzene; and (b) dou- 


nitrobenzene, 


ble solvent processes which extract the oil in a solution 
of a light hydrocarbon, in particular propane, on ac- 
count of its tendency to throw out asphalt. Double 
solvent processes may employ any of the above men- 
tioned single solvents, but the present commercial in- 
stallations utilize cresylic acid as the second solvent. 

3. Deasphalting processes employing liquid propane 
or similar very light hydrocarbons. These are not classi- 
fied as single solvent processes because the ordinary 
single solvents dissolve the more naphthenic and as- 
phaltic constituents and leave behind the paraffinic, 
whereas propane alone at ordinary or slightly elevated 
temperatures tends to dissolve the paraffinic and most 
of the but throw out the 
asphaltic materials. It also appears to make its separa- 


naphthenic constituents 
tion more on the basis of boiling points than of parat- 
finicity, although it is somewhat selective in the latter 
respect. 

The surprising properties of liquefied propane, which 
until recently has been considered by the petroleum i1- 
dustry as a gas, are brought out by the fact that it 
has an important place in each of the above mentioned 
three types of processes and has also been found to be 
a desirable solvent in which to acid-treat lubricating 
oils. It has also been found to have the remarkable 
property of precipitating out more and more of the 
heavy ends of lubricating stocks as the temperature 's 
raised above about 120° F. It thus facilitates cutting 
off the heavy “tail” of a lubricating cut without necesst 
tating the expense of distillation. 

In comparing the single-solvent versus the double- 
solvent processes it appears that, while either type 0! 
process may be used to advantage on any kind of oil, 
in general the single solvents are better adapted to dis 
tillate oils, while the double.solvent processes are pat 
ticularly adapted to residual oils. In the latter cas 
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TABLE II 


Solvent Extraction Plants Under Construction 











Refinery 


Capacity of 
Finished Oil 


Kind of Solvent (Bbls./day-42's) 





COMPANY 
|. Atlantic Refining Company.............6:0.0%. 
9. Gulf Refining Company.............. 

3, Magnolia Petroleum Company................ 
5. 

. 


4 Sinclair Refining Company................... 
5. Standard Oil Company of California........... 
Standard Oil Company of New Jersey.......... 


7. Vacuum Oil Company.......... 








Philadelphia, Pa. 
Girard Point, Pa. 
Beaumont, Texas 
Wellsville, N. Y. 
Richmond, 
Bayonne, N. J. 
Paulsboro, N. J. 


Nitrobenzene 1,000 
Propane-Cresylic Acid 1,500 
Propane-Cresylic Acid 2,200 
Nirtobenzene Sulfuric Acid 800 
Cal. | Aniline Oil 2,200 
Phenol 1,000 
Propane-Cresylic Acid 1,500 














the tendency of light hydrocarbons such as propane 
to precipitate asphalt results in obtaining much better 
colored oils from residual stocks than by most single 
solvent processes. Propane deasphalting, followed by 
single solvents, will however yield generally similar re- 
sults. It now appears that neither type of process re- 
quires acid treating for finishing, but that both require 
dewaxing and clay filtration. 

Because of the intensity of the competition for im- 
proved quality it is probable that solvent refining is 
complete and adequate 
laboratory data are available. However, the refiner 
who waits until he is certain that he has the best pos- 
sible process or combination of processes for his par- 
ticular oil will probably be left behind in the race. 


being commercialized before 


Tables I and II give the available information re- 
garding solvent extraction plants in operation and un- 
der construction. While the list of solvent dewaxing 
plants (Table III) either installed or under construc- 
tion is not so large, it is nevertheless significant, par- 
ticularly in that the number under construction exceeds 
the number now in operation. In addition to the fore- 
going, Standard Oil Company (Indiana) has under 
construction a plant involving the use of propane de- 
asphalting followed by acid treating in propane solution. 


From the foregoing it is obvious that in a remark- 
ably short time the refining industry is equipping itself 
with an entirely new tool. The utilization of this tool 
will have far-reaching effects. 


PROBABLE EFFECTS ON REFINING COSTS 
A. Mid-Continent Crudes 

Solvent refining should find its largest immediate use 
in the Mid-Continent field. While commercial operat- 
ing data on solvent refining are not very extensive, it 
definitely appears that a Mid-Continent refiner will be 
able to produce motor oils having laboratory inspec- 
tions equivalent to Pennsylvania oils at a cost equal 
to or lower than his present cost. One of the factors 
which makes this possible is the fact that yield is of 
secondary importance. In general more crude is run 
than is processed to lubes and therefore lube oil yield 
the solvent processes is important only in so far 
affects plant cost and operating cost. Raw ma- 
is essentially worth only fuel oil or cracking stock 


from 
as it 
terial 
prices. 

In refining Mid-Continent crude one of two general 
methods is now ordinarily used, i.e., the long residuum 
method or the bright stock and neutral method. In 
the latter case the bright stock may be produced either 


TABLE Ill 


Solvent Dewaxing Plants in Operation 








Capacity of 
Finished Oil 












































COMPANY Refinery Kind of Solvent (Bbls./day-42's) 
1. Indian Refining Company.................... Lawrenceville, Ill. Benzol-Acetone Toluol 1,000 
2. Standard Oil Company (Indiana).............. Wood River, III. Propane 1,200 
3. Standard-Franco Americaine de Raffinage...... | Port Jerome, France Trichlorethylene 700 

Solvent Dewaxing Plants Under Construction 
Capacity of 

’ . Finished Oil 
Z COMPANY Refinery Kind of Solvent (Bbls./day-42's) 
I. mri (GI oo ov snvnw's cds bes nace Oleum, Cal. Propane 1,800 
«. Atlantic Refining Company................... Philadelphia, Pa. Benzol-Acetone-Toluol 600 
3. Sta ‘ard Oil Company of Louisiana........... Baton Rouge, La. Mixed Chlorinated Solvents 1,800 
4. Shell Petroleum Corporation................-. Wood River, IIl. Propane 2,500 
July, 19344 Gulf Publishing Company Publication 255 








TABLE IV 


Comparison of Typical Costs for Conventional Operations vs. Solvent Refining 
30% (440° Flash) M. C. Reduced Crude to Finished Lubricating Oil. 


esses, for the purposes of this pa- 
per we have taken approximately 
average figures for all the com- 
mercial solvent extraction and sol- 
































vent dewaxing plants on which 
s Gost per Operation Cumula- such data have been obtainable. It 
al. t . s . - 
Individual Cumula- Stock Fed Gal. 100 Gal. is obvious that the best solvent 
Operation | ti t Origi . “a 
OPERATION Sescent | Peccent austen Feed Feed process for a given oil will gen- 
Acid Treating (50# 98% Acid/bb. : 7 erally give lower costs than the av: 
I Ene 30 70 87c $0.87 | $0.87 erage figures set forth in Table IV. 
ie ae hee £Us.5 «Sng 4s bs hs dis'ss.e nahn wedsc 45 1.32 : ~ ~ 
Neutralization and Decolorizing... . 4 67.2 1.5c 1.05 2.37 While the figures - this table 
Centrifuge Dewaxing............. 20 53.8 2.0c 1.34 3.71 are approximate and do not include 
Cost of Above Operations per 100 { a iol ie 
Gallons of Finished Lube:....|.........|.......-- Be AD ore $6.92 | fixed charges, they do reflect as 
| accurately as possible the present 
operating costs of the conventional 
methods of producing lubricating 
oil from Mid-Continent crude com- 
Cost of Total pared with those possible with sol- 
Cost per | Operation | Cumula- i a 
Loss on Gal.to | per 100 | tiveCost vent refining. 
Individual | Cumula- | Stock Fed Gal. 100 Gal. wae 4 ‘ . 
Operation | tive Yield| tothe | Original | Original While undoubtedly objections 
OPERATION Percent Percent | Operation Feed Feed - -— A 
- _ | may be made to the individual items 
Solvent Extraction............... 35 66 | 10% $1.07 $1.07 ess Pa . hz 
Acid Treating (10# Bbl. 98% Acid) 5 61.5 '29¢ 19 1.26 of expense it is believed that the 
EE SE nee rene rina Parra reer 12 1.38 figures are correct in their relation 
Neutralization and Decolorizing... . 4 59.0 1.25c RY i § 2.15 : ‘ Peer ce ee : 
; to each other and justify the im- 
Solvent Dewaxing................ 20 47.2 1.0c .59 2.74 ; : 
Cost of Above Operations per 100 portant conclusion that, based up- 
ks wid olece Pac as ncc&isibe oi dpdede te beised te aw $5.80 on operating costs alone, a Mid- 




















Continent refiner is economically 





*Assuming feed stock worth 2.5¢, extract 2.0¢ and sludge 1¢ per gallon. 


as a vacuum distillate or a residuum. While solvent 
refining costs will compare favorably with either of 
these two methods, for the sake of simplicity the com- 
parison will be limited to one using a long residuum 
as the raw feed. 

Present practice is to reduce the crude to 440° F. 
flash bottoms containing all the paraffin distillate. This 
product is acid treated, neutralized and filtered or hot 
contacted, diluted with naphtha and dewaxed, the 
diluent naphtha and then the neutrals distilled off, and 
the bottoms frequently given a finishing clay treat. The 
order of these operations may vary in different re- 
fineries but the essential operations are the same. 

In a solvent refining process starting with a similar 
residuum the operations would include solvent extrac- 
tion, acid treating if necessary, neutralization, clay fil- 
tration, solvent dewaxing, and probably a finishing clay 
treat. Neutrals would be obtained by rerunning the long 
residuum. 

The variations in the actual details of present manu- 
facturing methods are almost as great as the number 
of refineries producing lubricating oil. For this reason 
any estimate of present refining costs can be given only 
in very broad terms. Solvent refining costs are de- 
pendent upon the solvent used and the degree of im- 
provement attained. Because of the number of solvent 
processes available and the various degrees of improve- 
ment possible, solvent refining costs also can be given 
only generally. While more detailed figures are avail- 
able in the articles which discuss the individual proc 


justified in turning to solvent refin- 

ing. This is particularly true in 
the many cases where acid sludge is a liability rather 
than an asset as above assumed. 

If allowance could be made in the value of the 
finished products giving credit to the solvent treated 
oil for its higher V. I., lower carbon residue, and 
greater resistance to sludging and oxidation, the 
comparison would be overwhelmingly in favor of 
the solvent extracted oils. It is the belief of the 
authors that within a short time competition will 
force all Mid-Continent refiners into solvent refining 
and it is reassuring to note that such a step will in 
general result in lower operating costs. 

In this connection it should be pointed out that 
at the present time solvent dewaxing apparently of 
fers the principal savings in unit costs. If, however, 
solvent extraction minus solvent dewaxing be com- 
pared to acid treating minus centrifuge dewaxing 
and an allowance be made for degradation losses, 
the above mentioned manufacturing costs of a sol 
vent-extracted oil (before dewaxing) would be 3.64 
cents per gallon while that of an acid treated oil 1s 
3.53 cents per gallon. The difference between thes¢ 
figures is within the accuracy of the comparison. 

In the foregoing comparison an effort has been 
made to give the benefit of every doubt to the 
present processes involving acid treating. The yield 
for solvent extraction has been assumed lower than 
that reported by several authors, at the November, 
1933, meeting of the A. P. I.; acid-treating has been 
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included in the finishing costs of solvent-extracted 
oils despite the fact that a large number of data are 
available to indicate that in at least several proc- 
esses Such a procedure will not be necessary; clay 
costs were computed on the basis of a lower N. P. 
A. color for the solvent extracted product; and 
finally, the differential cost between solvent dewax- 
ing and centrifuge dewaxing has been taken at a 
lower figure than reported by one refiner who is 
using both processes. 


It is not to be inferred that all refiners will find 
it profitable to both solvent extract and solvent de- 
wax their lube oils. There are a few special Mid- 
Continent crudes, the natural V. I. of which is suf- 
ficiently high to produce oils of approximately 
Pennsylvania quality if the naturally occurring as- 
phalt is removed. It is possible with crudes of this 
character that propane deasphalting only, followed 
by solvent dewaxing, will result in a satisfactory 
product at a lesser operating cost than those indi- 
cated. Also, there will doubtless continue for some 
time to be a market for cheap motor oils of mod- 
erate V. I. 

Furthermore, since there is some question as to 
whether a high V. I. adds materially to the value of 
an industrial lubricant where relatively constant 
temperatures are usually encountered, some Mid- 
Continent refiners will prefer to produce industrial 
lubricants having a lower V. I. than those required 
for motor oils. The heavier oils of this character 
can be produced with a reduction in present operat- 
ing cost by propane deasphalting and acid treating 
in the presence of propane or by counter-current de- 
asphalting followed by clay. For example, a bright 
stock of 150 Vis. at 210° F. can be made ‘from pipe 
line Mid-Continent crude by conventional refining 
methods, using approximately 60 pounds of 93 per- 
cent acid per barrel of raw stock processed. The 
loss upon acid treating is approximately 35 percent. 
If the same stock be deasphalted with propane and 
sulfuric acid applied while the oil is still in propane 
solution, the acid requirement can be reduced to 20 
pound per barrel of charge. The clay cost to finish 
such an oil to a 5 N.P.A. color is roughly one half that 
required to finish the ordinary acid treated stock to a 6 
N.P.A. color. By countercurrent deasphalting of such a 
stock under proper temperature conditions acid treating 
can apparently be eliminated entirely, though clay costs 
are then somewhat higher. While no detailed figures 
have been made to cover this particular comparison it 
is obvious that a propane deasphalting plant will be 
more than justified, even to produce an oil of only 
moderate V.I. 


In conclusion, it can be stated that the demand for 
high \.I. motor oils will almost certainly increase in 
the next few years, and the Mid-Continent refiner will 
be forced to solvent refine his oils to meet this demand. 
The result of meeting this demand will be a lesser op- 
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erating cost, but since no average figure for plant cost 
to accomplish this result is available at this time, it 
cannot be stated that the saving in operating cost alone 
will justify the capital expenditure. However, the 
ability to produce oils having all of the most desirable 
test characteristics previously claimed for Gulf Coast 
and Pennsylvania oils, and this at a reduced operating 
cost, will certainly lead to the general adoption of such 
processes by most Mid-Continent refiners of lubricat- 
ing oil. 
B. Pennsylvania Crudes 

The position of the Pennsylvania refiner is quite dif- 
ferent from that of the Mid-Continent refiner because 
in his case yield is an important item and solvent refin- 
ing will result in decreased yield as well as an additional 
operation. In the past the premium paid for Pennsyl- 
vania motor oil has been justified on the basis of its 
higher V.I. and generally greater resistance to sludging 
and oxidation. With the production of solvent refined 
Mid-Continent oils having equal or better character- 
istics in these respects than the present grade of Penn- 
sylvania oils he will shortly be faced with one of the 
two alternatives: 

1. To compete directly with solvent refined oils on a 
price basis; or . 

2. To improve the quality of his product and at- 
tempt to maintain the same differential as at present. 


The first of these would require elimination of the 
present premium and be unsatisfactory unless operat- 
ing costs could be reduced. The second alternative of 
increasing the quality would appear to offer the most 
promise as a satisfactory solution of his problem. 
Neither of these alternatives looks particularly attrac- 
tive to the refiner from a cost standpoint at present 
crude prices, but since the value of Pennsylvania crude 
is almost solely dependent upon its value for the pro- 
duction of lubricants, it seems inevitable that the dif- 
ferentials between Pennsylvania and Mid-Continent 
crudes will be reduced to an extent sufficient for the 
Pennsylvania refiner to compete on whichever basis is 
found necessary. 

Solvent refining of Pennsylvania crudes makes it pos- 
sible to produce oils of about 115 V.I. with a loss of 
15 to 25 percent of the present yield, The present 
differential of 30 to 40 V.I. between ordinary Pennsyl- 
vania and Mid-Continent oils will therefore be reduced 
to about 15 V.I. on the new basis, and the apparent 
difference to the consumer will probably be less than 
these figures indicate. However, in aviation engine oils 
the extra V.I. and higher stability might very possibly 
be worth the higher cost. Also the low V.I. extract 
produced as a by-product could probably be marketed 
as industrial lubricants. It is hoped that they will not 
appear on the market as “100 percent Pennsylvania” 
oils. 

The reduction of operating costs by solvent refining 
of Pennsylvania oils, while not as important as in the 
Mid-Continent field, still offers some possibilities. Re- 
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moval of a large portion of the color bodies by propane 
deasphalting or by light solvent treating might so re- 
duce the final decolorizing costs that the total operating 
cost would be no greater than at present, and the car- 
bon residue would be reduced. Although the loss of 
yield is a serious factor with the present differentials, 
the application of solvent refining methods to reduction 
of decolorizing cost appears to be a possibility for the 
Pennsylvania refiner. 

Another possible economy for Pennsylvania refiners 
is in the saving of clay by light acid treating and neu- 
tralizing in the presence of propane. For example 12 
pounds per barrel of 93 percent acid on Bradford 
residuum reduces the clay required for finishing by 
about 50 percent, with only a very slight reduction in 
yield. The use of propane as a solvent and internal 
coolant appears to make acid treating of Pennsylvania 
resids commercially feasible for the first time. 
Asphalt Base Crudes 

Motor oils from asphalt base crudes are generally 
made from a long distillate produced by running the 
crude to an asphalt bottom. This long distillate is 
usually rerun over caustic soda, cutting the various 
lubricating fractions desired. The motor oil fractions 
are then treated with from 15 to 20 pounds of acid 
per barrel and contacted or percolated to a finished oil. 
The acid loss averages from seven to 12 percent and 
the stock requires no dewaxing. 

If an asphalt base distillate having a V.I. of 30 be 
extracted to a V.I. of 65 to 70 the yield of raffinate 
will be approximately 60 percent. If an effort be made 
to improve the V.I. to 100 the yield will drop to some- 
thing around 30 percent or less. Since oils of even 30 
V.I. are usually associated with small quantities of 
wax, it appears probable that such drastic solvent re- 
fining will concentrate the wax, enough to make de- 
waxing necessary. 

The additional cost of solvent refining and dewax- 
ing combined with the low yield obtainable make it 
appear that the production of oils of really high V.I. 
from asphalt base stocks will not be economically justi- 
fied. On the other hand, it is probable that refiners 
of asphalt base crude will resort to solvent refining 
to improve the sludging and oxidation characteristics 
of their oils without seriously increasing their cost. 
Since industrial lubricants do not in general require a 
high V.I., it is probable that most of the present lube 
production from asphalt base crudes will be diverted to 
such industrial uses as do not require particularly high 
V.1., or low volatility. 

1. Probable Effect on Crude Price. 

From the foregoing it is evident that solvent refining 
will have a tendency to change the relative prices of 
crudes used largely for lubricating stocks. In the Mid- 
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Continent field there are several crudes which have in 
the past commanded premiums as lube crudes. Among 
such crudes are Garber, Burbank, Tonkawa, Ranger, 
Deep Sand Reagan, and others. It has already been 
pointed out that yields from Mid-Continent crude are 
important only in so far as yield affects plant cost or 
operating cost. Unless the yield from these selected 
crudes is sufficiently high to justify a premium due 
solely to lower operating costs it is probable that the 
premium of these crudes will disappear. 

Pennsylvania crude commands a large premium in 
comparison with Mid-Continent because of the high 
yield of high V.I. lube oil which can be obtained with 
present refining methods. Solvent refining by produc- 
ing oils of equal properties from less expensive crudes 
will undoubtedly have a tendency to reduce the premium 
on Pennsylvania crudes. 


2. Influence on S.A.E. Number and Consumption: 


For some time there has been: a movement on the 
part of motor car manufacturers to recommend oils of 
lower S.A.E. number. The moderately increased con- 
sumption which follows the use of such lighter oils 
has probably deterred the whole-hearted adoption of 
such a recommendation. However, increasing the V.I. 
of a motor oil has a tendency to decrease its consump- 
tion, especially in the lighter grades. 

It appears probable that the demand for lighter oils 
will stimulate the trend toward the use of oils of higher 
V.I. and vice versa, and that the net effect on oil con- 
sumption will probably not be large, though gasoline 
consumption will undoubtedly be slightly reduced. 

3. Effect on Cracking. 

The large production of solvent extracts may possibly 
call for the design of a cracking plant somewhat dif- 
ferent from present-day cracking plants to more ef- 
fectively utilize this highly naphthenic product and make 
a high octane gasoline. 


1W. H. Bahlke et al: ‘Factors controlling Engine Carbon 
tion’”—SAE Journal Vol. 29, No. 3, Sept. 1931, p. 215. 

*Dean and Davis: Viscosity Variations of Oils with 
Chem. & Met., Vol. 36, Oct. (1929) P.,618. 

3). P. Barnard et al: Causes and Effects of Sludge—Formation m 
Motor O.ls; SAE Journal Vol. 34, May, 1934, P. 167. 

4Hill and Coats: “The Viscosity-Gravity Constant of Petroleum Lub- 
ricating Oils;” Ind. Eng. Chem. Vol. 20, June, 1928, P. 641. 

5World Petroleum Congress—London, July 19, 1933. 

®Industrial Eng. Chem. 23—753—61 (1931) 

7Refiner & Natural Gasoline Mfr. 11, No. 11, 560-7, 581-3 (1932), Oil 
& Gas Jl. 31, No. 25, 65-71, 96 (1932), National Pet. News, 24, No. 48 
25-32 (1932), Proceedings, A.P.1., 13, III, 82 (1932). 

8Cottrell—Proceedings, A.P.I. 13 (1II) 94 (1932). 

(a) Stratford, Moore & Pokorny—Nat’l Pet. News, 25-13 (1933); 
Stratford, Moore & Pokorny—Oil & Gas Journal, 31, No. 45 (1933); 
Stratford, Moore & Pokorny—World Petroleum Congress, London, July 
19-25 (1933). (b) Page, Buchler and Diggs—Ind. Eng. Chem. 25, 418 
(1933). (c) Bahlke, Giles and Adams—Proceedings, A.P.I. 14M (ill) 
16 (1933). (d) Graves and Bryant—Proceedings, A.P.I. 14M (III) 
(1933). (e) Poole and Wadsworth—Proceedings, A.P.I. 14 (III) 3 
(1933). (f) Manley, McCarty and Gross—Proceedings, A.P.I. 14 (111) 
47 (1933). (g) Cottrell—Proceedings, A.P.I. 14 (III) 60 
(h) Ferris, Myers and Peterkin—Proceedings, A.P.I. 14 
(1933). (i) Bahlke, Brown and Diwoky—Proceedings, A.P.I. J 
77 (1933). (j) Tuttle and Miller—Proceedings A.P.I. 14 (IIJ) . 
(1933). (k) Stratford, Pokorny & Huggett—Proceedings, A.P.L. 14 
(III) 90 (1933). (1) Bray, Swift and Carr—Proceedings, A.P.I. 14 
(III) 96 (1933). (m) Hunter and Nash—World Petroleum Congress 
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DETAILED and comprehensive discussion of the 

chemicals used in the production of each indi- 
vidual product of the petroleum industry is obviously 
outside the scope of, this paper. The products are too 
numerous and the methods of treatment vary consider- 
ably in detail. However, the three products of major 
importance requiring well over 90 percent of all 
chemicals are gasoline, kerosene, and lubricating oil, 
and the general trend of chemical utilization is defined 
by them. For this reason most of the discussion in 
this paper will be limited to the chemical treatment of 
these products as practiced in 1920 and as developed 
up to the present time. 

In the early days of petroleum refining sulphuric 
acid and caustic soda were the primary treating agents 
in the industry. Acid was used to remove sulphur, 
malodorous and bad colored compounds, while caustic 
was used for neutralization, and, when mixed with lead 
oxide to form “doctor” solution, to sweeten lighter 
hydrocarbons. While such treatment reduced the yield, 
it resulted in a gasoline having a more desirable odor 
and color, a kerosene with more satisfactory burning 
qualities and, in the case of lubricating oils from in- 
ferior crudes, a product more nearly approaching Penn- 
sylvania quality than that of the raw stock. 

Since good color and odor were the primary requi- 
sites, the objectionable materials which were removed 
were considered as waste and the only 
thought regarding them was to devise a sat- 
The 


economic situation did not demand that any 


isfactory means for their disposal. 


Petroleum Refining 


tions of the finished products. Whereas the only chem- 
icals of importance were acids and alkali, they now 
range from these basic materials through special refin- 
ing solvents to chemical addition agents which are used 
to modify the properties of the otherwise finished oils. 

The diagram, Figure 1, indicates very generally the 
important steps in oil refining which used chemicals 
prior to 1920. The use of sulphuric acid with the 
treating methods then employed to remove the un- 
desirable sulphur and unsaturated compounds, which 
accounted for the oil’s bad color and odor, usually 
resulted in large losses. To make a satisfactory bright 
stock or a cylinder stock from Mid-Continent oils it 
was customary to use from 40 to 60 pounds of acid 
per barrel, each pound of acid .causing approximately 
one percent loss. Even with this loss the paraffinity 
of the final product did not equal that of Pennsylvania 
oil. As late as 1925 the cracked gasolines from some 
high sulphur crudes were treated with as much as 40 
pounds of concentrated sulphuric acid per barrel. Such 
a treatment frequently resulted in as much as 50 per- 
cent of the cracked distillate being discarded in the 
form of acid sludge. From some crudes it was im- 
possible to produce a satisfactory kerosene. 


These losses and changed economic conditions caused 
the industry to seek improved treating methods. The 
pertinent figures relating to the use of sulphuric acid 
in the petroleum industry are shown in Figure 2. The 
total consumption increased from 522,060 tons of 50° 
3e acid in 1919, to 1,483,863 tons in 1929 and then 
decreased to 1,240,000 tons in 1932. While the amount 
used per barrel of crude has changed only slightly 
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the various oil companies and affiliated ulphur 
industries have organized technical and sci- 
entific development on a large scale. This 
factor, together with the increased pressure 
of economic conditions, has introduced new 
chemicals and treating methods, with the 
result that the percentage of crude thrown 
away as sludge waste is much less than 





formerly, despite the more rigid specifica- 
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FIGURE 2 


during this period, the improved treating methods are 
reflected in the decreased consumption per barrel of 
gasoline. These figures do not reveal the extent of 
the improvement, since no allowance has been made 
for the increased percentage of cracked gasoline and 
of gasolines having a higher initial sulphur content. If 
proper allowance could be made for these two factors, 
the effect of improved treating methods would appear 
even more marked. 


The major improvement was the substitution of con- 
tinuous counter-current treatment for the batch process. 
Various modifications of the continuous process have 
been made to control, (1) acid treating strength by 
sludge recirculation (Gary),’ (2) contact time by the 
use of centrifuges (Cross,? Stratford*®), and (3) tem- 
perature of treatment by refrigeration (Halloran‘*). 
The net effect was an increase in the selectivity of the 
acid which reduced not only consumption but also 
sludge loss. 

The total amount of caustic (sodium hydroxide and 
soda ash) used should be independent of acid consump- 
tion since only the acid remaining after settling need 
be neutralized. Figure 3 shows that the amount per 
barrel did remain reasonably constant until 1929. 
Thereafter there has been a definite reduction. Prior to 
1929 there were improvements in caustic utilization of 
the same type as have been mentioned for acid and it is 
the author’s opinion that a decrease in the amount used 
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per barrel would have been registered had it not been 
for the large production of high sulphur-bearing West 
Texas crude and the increasing tendency to combat 
corrosion with caustic. Since 1929 the gradual decline 
of the West Texas fields, the increasing use of “con- 
tact” clay for lube oil neutralization, and the improve- 
ment in treating methods, particularly the recovering 
of spent “doctor” solution, explain the declining con- 
sumption. 


“Doctor” solution is a mixture of litharge and sodium 
hydroxide and is used to “sweeten” the lighter hydro- 
carbons. Prior to 1929 it was common practice to 
discard the spent solution. In 1929 the oil industry 
began to install recovery plants, in which the “spent” 
doctor was air-blown to oxidize the lead sulphide to 
lead oxide. Additional small amounts of lead oxide 
and caustic are added to keep the solution at full 
strength. The litharge figures shown in Table 1 shows 
the reduction in use from 1929 to 1932. 

Calcium-hypochlorite is successfully used as a substi- 
tute for “doctor” in sweetening. No production figures 
for this chemical are available, but since its widest 
application is found in the natural gasoline industry, it 
is probable that its production has declined with natural 
gasoline production. 


As has already been mentioned, the use of acid and 


caustic imposed quality limitations, which the oil indus- 


try was anxious to avoid. Probably the first step in 
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TABLE 1 
Litharge Consumption in Petroleum Refining 
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removing these limitations was the introduction of the 
Edeleanu SO, process.’ From some California crudes 
it was impossible to produce with acid a kerosene 
possessing satisfactory properties. In 1925 the first 
American Edeleanu plant was installed. Being much 
more selective than acid, a better product was pro- 
duced, and removal of undesirable constituents taking 
place essentially by physical solution rather than by 
drastic chemical reaction, the deterioration of oil to 
acid sludge was minimized. The Edeleanu process is 
the forerunner of the more selective and less destruc- 
tive solvents to which the industry is now rapidly turn- 
ing. At present 35 Edeleanu plants have been installed 
throughout the world, with a total treating capacity of 
78,000 barrels per day of light oil and 13,000 barrels 
per day of lubricating oils. Ten of these plants, with a 
total capacity of 36,000 barrels per day, are in America. 

The increased use of chemicals in the petroleum in- 
dustry is indicated by the diagram of Figure 4, which 
shows the application of various reagents in present 
practice. As in the earlier methods of Figure 1, sul- 
phuric acid is still the predominant treating agent, but 
other materials have assumed important places in the 
complete scheme of operation. So greatly is this the 
case that in one refinery, operating on a relatively low 
grade crude, the cost of acid was only 20 percent of 
the total cost of chemicals used, although it was over 
85 percent of the total quantity of reagents used. The 
total cost of basic chemicals, including acid, alkali, 
litharge and sulphur, was only 40 percent of the total, 
the more expensive chemicals in small quantities being 
responsible for the remaining costs. 

Gasoline treating has always been the major use of 
sulphuric acid in the petroleum industry. As pointed 
out previously, it was essential in the early days to 
provide a finished product of satisfactory color and 
odor, irrespective of the losses entailed. The action of 
sulphuric acid is not one of real selectivity and it be- 
came increasingly evident that serious losses of valu- 
able constituents were taking place by polymerization 
and solution in the sludge. With the development of 
cracking on a broad scale, and the consequent increase 
of the unsaturated constituents in the gasoline, the 
reduction of this loss became an item of major im- 
portance, merely from a yield standpoint. In addition, 
in 1926 the anti-knock characteristic of a motor fuel 
began to be of increasing importance. Higher tempera- 
ture cracking to produce higher anti-knock gasoline 
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resulted in untreated products having a large proportion 
of unsaturated compounds. Conventional methods of 
treating resulted not only in lower yields but in marked 
reduction in anti-knock value and it became imperative 
to decrease treating losses. The improvements in acid 
treating have already been mentioned. But however 
acid is used, it results in a loss of yield and of anti- 
knock value. 


The substitution of clay treating of the cracked gas- 
oline, particularly in the vapor phase, as in the Gray 
process, has been an important factor in reducing the 
consumption of treating chemicals and in retaining the 
desirable materials in the finished product. Unfortun- 
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ately, while decreasing gum content and increasing color 
stability, the clay process does not remove sulphur and 
consequently large quantities of cracked gasoline are 
still acid treated. Following clay treatment the gasoline 
must be sweetened, but the marked loss of yield and 
anti-knock value is avoided. However, if the 100,000 
barrels per day of cracked gasoline now clay refined 
were treated with acid the consumption would be an 
appreciable portion of the total acid used. Competitive 
with the Gray process is the Lachman process® which 
treats gasoline vapor with zinc chloride. The loss of 
zinc chloride is extremely small, the chemical apparently 
acting as a catalyst. 

These new developments in the refining of gasoline 
may be considered as color and gum removing processes 
directly, rather than as processes for removal of un- 
saturated hydrocarbons. They are indicative of the 
general trend toward greater selectivity in the action 
of chemicals. The aim is to remove only those con- 
stituents which *are a definite disadvantage in the fin- 
ished product and to do so with the least possible effect 
on the desirable products. 

The trend is even more marked than is indicated. 
Instead of treating to a satisfactory gum content, the 
tendency is to proceed only part way and add inhibitors 
of gum formation. The government’s ruling that gas- 
oline containing tetra-ethyl lead had to be dyed a dis- 
tinctive color opened the way for colored gasolines. 
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Because of the increasing percentage of cracked gas- 
oline the refiner found it more and more difficult to 
produce a color stable product. Since color, as such, 
has no effect on motor performance and the achieve- 
ment of a color stable product by refining methods is 
more expensive than by adding dyes, almost all gasoline 
at the present time is colored. These expedients have 
resulted in a greater yield of a product which is fully 
as satisfactory. 

One of the greatest developments, from a chemical 
viewpoint, is the use of tetra-ethyl lead to reduce the 
tendency to detonate. Although no figures are avail- 
able on the use of this material, it probably represents 
the major chemical cost to most refiners. Its expanding 
use has greatly increased the total cost of chemicals, 
but has resulted in an improvement of the product 
without a consequent reduction in yield. 

The treatment of gasoline to produce a satisfactory 
and salable product has therefore changed from a 
drastic chemical reaction with large losses to one in 
which the treatment is more selective and is carried 
only far enough to produce a satisfactory and stable 
product with chemical additions compounds insuring 
satisfactory color, gum, and performance character- 
istics. 

What has taken place in gasoline refining technique 
is taking place in the technique of lubricating oil manu- 
facture. The period from 1920 to 1932 saw an enhanced 
production of lubricants by vacuum distillation. This 
procedure eliminated a large part of the acid required 
for treating. Acid consumption was further reduced 
by removing more color units by contact filtration. 
Incidentally caustic consumption decreased since the 
clay satisfactorily neutralized the remaining acid. Dur- 
ing part of this period some refiners were able to 
select stocks for the production of lubricating oil which 
required a minimum of treating to bring them to satis- 
factory specifications. However, an offsetting influence, 
increasing the use of acid, was the trend toward lighter 
colored lubricating oils. 

Forced partly by competition, but also by improved 
motor design and the increased use of cars, there has 
been a marked tendency to stress characteristics of lu- 
bricating oils which were not considered 10 years ago. 
Among these the most important from the viewpoint 
of the chemical industry are viscosity index, resistance 
to sludging and oxidation, and pour test. Viscosity 
index may be considered as an empirical method of 
expressing the reciprocal of the slope of the tempera- 
ture viscosity curve, with Pennsylvania oils having a 
value of about 100 and Coastal oils a value of about 
zero. Pour test is a measure of the minimum tempera- 
ture at which an oil will flow and in most motor oils is 
a function of wax content. It is the opinion of most 
refiners that they will be forced to manufacture motor 
oils having a viscosity index of 100 and a pour point of 
0° F., if for no other than sales reasons. 

In general, the widely used present-day methods will 
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TABLE 2 
Petroleum Statistics (A.P.I. Statistical Bulletin, 1933) 
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Crude Consumption Gasoline Lubricating Oils 

Year Barrels Barrels (42s) Barrels (42s) 
1919 422,740,000 99,648,000 20,161,000 
1920 521,876,000 122,259,000 24,438,000 
1921 520,044,000 130,900,000 20,896,000 
1922 584,547,000 150,054,000 23,304,000 
1923 715,980,000 192,650,000 26,168,000 
1924 752,458,000 228,650,000 27,498,000 
1925 828,885,000 266,810,000 31,055,000 
1926 842,082,000 304,493,000 32,293,000 
1927 879,037,000 337,348,000 37,721,000 
1928 950,066,000 384,913,000 34,658,000 
1929 1,024,039,000 441,804,000 34,359,000 
1930 952,998,000 441,702,000 34,201,000 
1931 913,759,000 440,011,000 26,704,000 
402,063,000 22,433,000 


1932 


831,341, 


000 








not treat and dewax sufficiently well to fulfill these 


requirements. 


This fact 


is of 


importance to the 


chemical industry since the oil industry may look to it 


to supply dewaxing and treating solvents. While the 


production of lubricating oil may not increase, it is 
probable that the amount of oil to be dewaxed to pro- 
duce the same quantity of lubricants will increase. This 


is true because those crudes having a low wax content 
also generally have low contents of high viscosity in- 
dex oil. It is also probable that the crude run to lubes 
will increase because the yield of a 100 V.I. oil will 
be less than the present lube yield. This lower yield is 
caused not by the deterioration of the crude by the 
treating methods contemplated but by the radical im- 


provement of the motor oil. 


From most crudes this 


improvement is not economically possible by acid 
technique. The undesirable constituents removed by a 
selective solvent are utilizable as fuel oil or cracking 
stock, whereas acid sludge presents a disposal problem. 


The processes which have been developed for im- 
proving these two characteristics of lubricating oil, al- 
though essentially physical in operation, require large 
quantities of chemicals which are relatively new to the 
petroleum refining industry. The new processes de- 


veloped for dewaxing are: 


1. Benzol-acetone process.’ 


2. Chlorinated solvents process.® 


3. Propane process.® 


It is not the purpose of this discussion to compare 
the relative merits of the various processes, but merely 
to indicate the effect of their development on chemical 
utilization. During 1929 the lubricating oil production 
as shown in Table 2 was approximately 34,000,000 
barrels, or nearly 100,000 barrels per day. Although 
the production has decreased somewhat since that time, 
it may be safely assumed that it will return to at least 
this value in the near future. This is particularly true 
in view of the increased tendency for motor mant- 
facturers to recommend lower viscosity oils, with 4 
consequent increase in consumption. 
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In the practical operation of these processes, it is in- 
evitable that some of the chemical be lost, and it has 
been indicated that the magnitude will be about one 
tenth of one percent of the amount circulated. On the 
assumption that 10,000 barrels per day, or 10 percent 
of the 1929 production, may be allocated to each of the 
three processes, it is possible to arrive at a quantity 
of each of the solvents which may be required. Obvious- 
ly, a definite prediction of the amount of each material 
is impossible without an accurate analysis of each 
process and some gift of prophecy, and the prediction 
would vary according to personal convictions. 

The total 
charged to the dewaxing process will be much greater 


quantity of lubricating oil fractions 
than the final production. For example, if a wax-bear- 
ing California residuum such as Kettleman Hills is to 
be processed, with approximately 25 percent removal 
of the asphalt by distillation, or by propane deasphalt- 
ing, 10 percent removal on dewaxing and 35 percent re- 
moval on solvent treating, all based on the original 
residuum, the net charge to the dewaxing plant will 
be 250 percent of the finished oil if dewaxing occurs 
prior to treating and 133 percent if dewaxing follows 
treating. In the case of a Mid-Continent oil the cor- 
responding figures would be about 200 percent and 
125 percent respectively. A reasonable estimate of the 
charge to dewaxing plants in each process is, therefore, 
about 18,000 barrels per day. 

The average composition of the solution being de- 
waxed will be approximately 25 percent oil and 75 per- 


cent solvent. The solvent circulated per day would 
then be 54,000 barrels and a reasonable quantity for 
initial operation would be about one half of this 
quantity, or 27,000 barrels. The loss at one tenth of 
one percent would be 54 barrels per day, or nearly 
20,000 barrels per year. If this capacity is to be in- 
stalled over a three-year period the solvent require- 
ments during the first three years would be 12,300, 
19,000, and 25,700 barrels per year and subsequent to 
that time would be 20,000 barrels per year. 

In the use of the acetone-benzol process the average 
composition of the solvent will probably be about 65 
percent benzol and 35 percent acetone, although present 
developments indicate the possibility of using 53 per- 
cent benzol and 13 percent toluol. On the latter basis 
the approximate quantities of benzol, toluol and acetone 
required would be 440,000, 109,000, and 294,000 gal- 
lons per year. The acetone quantity of nearly 2,000,000 
pounds per year is a considerable fraction of the actual 
production of this chemical. The additional demand 
for this material is an important item to the chemical 
industry, and is one example of the trend toward higher 
value chemicals. The demand for benzol would not 
have an appreciable effect on the supply. The toluene 
demand could be readily supplied in normal times, but 
might be a factor when it was in great demand for 
the manufacture of explosives. 

The demand for propane in the propane dewaxing 
process® is only a very minor fraction of the readily 
available supply and since it would normally be a 











Lomitos gasoline plant of International Petroleum Company, Ltd., in Peru 
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product of the petroleum industry, its effect on the 
chemical industry is of no importance. 

The chlorinated solvent processes again require rela- 
tively large amounts of higher priced chemicals. The 
material disclosed as the solvent in this process in 
Pester’s paper* was trichlorethylene, and although the 
Bachlund patent discloses other chlorinated compounds 
of this type which may be used as the diluent, this ma- 
terial may be considered as typical. Under the previous 
assumption of 840,000 gallons, or 10,800,000 pounds 
per year, the demand would require a large increase 
in present day production capacity. 

These developments in dewaxing of lubricating oils 
have resulted in the introduction to the petroleum in- 
dustry of at least two new chemicals, trichlorethylene 
and acetone, and three hydrocarbon solvents, benzol, 
toluol and propane. The newer developments in solvent 
treating processes are responsible for many more which 
will undoubtedly be of increasing importance in the 
future. The more important of these processes which 
have been disclosed at the recent meeting of the Amer- 
ican Petroleum Institute are: 

1. Chlorex Process—using B-B’dichlorethyl ether.’° 

2. Crotonaldehyde Process." | 

3. Duosol Process—using propane and cresylic acid.” 

4. Edeleanu Process—using sulphur dioxide or sul- 
phur dioxide and benzol."* 


. Furfural Process.** 


wn 


6. Nitrobenzene Process.*® 

7. Phenol Process.?® 

The primary purpose of solvent treating is improve- 
ment in the quality of lubricating oil, particularly with 
regard to viscosity index. At the same time, an im- 
provement in color. Conradson carbon and resistance 
to oxidation is obtained. A simple concept of the un- 
treated oil is a mixture of three major classes of com- 
pounds, asphalt, naphthenes and paraffins. The asphaltic 
materials can be separated to a major degree by dis- 
tillation under vacuum, by precipitation from a propane 
solution of theroil,’’ or by the solvent itself. The latter 
methods may be considered as part of the general trend 
to carry out refining processes by the use of chemicals, 
in order to permit greater selectivity of separation of 
desirable from undesirable constituents. 

The oil will contain naphthenes and paraffins in vary- 
ing proportions depending on the crude from which it 
is produced. For example, in Pennsylvania oils the 
proportion may be as high as 90 percent paraffins, while 
in California oils from waxy crudes it may be as low 
as 50 percent, of which one half is wax. In non-waxy 
crudes the paraffin content may be so low that econom- 
ical recovery is impossible. A desirable solvent treating 
process is one which selectivity separates the undesir- 
able naphthenes from the desirable paraffins, and per- 
mits recovery of both without serious impairment. In 
this respect particularly it differs from the older acid 
treating process which merely removed the minimum 


of color bodies as waste products to give a satisfactory 


color. 

All of these processes depend upon selectively ab- 
sorbing the naphthenes in the solvent and thus separat- 
ing them from the paraffins. The feasibility of using 
any particular solvent depends on many factors, in- 
cluding selectivity, or ability to dissolve a maximum of 
the naphthenes and a minimum of paraffins, cost, avail- 
ability, ease of recovery, stability and chemical inert- 
ness. A very large number of compounds have been 
investigated’** and although the seven materials that 
have been developed may seem extensive, they repre- 
sent only a small fraction of the possibilities and may 
be increased as other compounds become more available. 

As in the case of dewaxing, it is impossible to de- 
termine the possible requirements of these chemicals for 
the oil refining industry, particularly since the propor- 
tion assignable to each of the seven processes depends 
on so many factors. The total lubricating oil production 
of 100,000 barrels per day has been estimated as divided 
into 30 percent from Pennsylvania base, 32 percent 
from mixed base similar to Mid-Continent, 31 percent 
from Coastal and seven percent from California. Be- 
cause of the inherent composition of the oils, the 
amount of treatment to reach a given viscosity index 
varies widely with the source. For example, it is pos- 
sible to obtain approximately 100 V.I. oil from Penn- 
sylvania crude without solvent treating or with 100 per- 
cent yield based on oil as finished today. In the case 
of California wax bearing crudes such as Kettleman 
Hills, however, the yield might be only 35 percent and 
for Mid-Continent oils only 75 percent of present 
yields. With non-waxy California or Coastal oils the 
yield would be so low as to make their use uneco- 
nomical. In view of the probability of some use of 
solvents even on Pennsylvania oils to increase the vis- 
cosity index beyond the value which would be feasible 
for other oils, it is probably fair to assume an average 
treating yield of about 70 percent. On this basis the 
quantity of oils to be treated would be approximately 
140,000 to 200,000 depending on 
whether dewaxing followed or preceded treating. As- 


barrels per day, 
suming 10 percent of the lower figure would be treated 
by each of the seven processes and 300 volumes of 
solvent per volume of oil treated, the actual daily 
throughput of solvent would be 176,000 gallons per 
day. With the loss at only 0.1 percent, the replacement 
would be 640,000 gallons of each of the solvents men- 
tioned. 

An indication of the possible effect of the demand 
for these materials on the chemical industry may be 
obtained by comparing the above figures of 640,000 
gallons per year with the present production and con- 
sumption. For the years 1931 and 1932 the only figures 
available are for cresylic acid and phenol, which are 
The 640,000 gallons per year is 
equivalent to about 5,600,000 pounds per year, or more 


coal tar products. 


Refiner & Natural Gasoline Manufacturer—V ol. 13, No. 7 


1931 


1932 


than 
and 
shov 
sales 
sion. 

U 
the | 
mad 
chea 
cher 
proc 
man 
only 
evel 
teriz 
dust 
ties 
edly 
dem 

hh 
chet 
catit 
are 
wid 
pro 
cre 
(0° I 
stea 
fort 
othe 
mar 
of t 
to n 

T 
mer 
posi 
witl 
desi 
aid 
inal 
the 
che 
in 1 
bee: 
of « 
defi 
and 


Jul 





ab- 
irat- 
ising 
in- 
n of 
vail- 
lert- 
been 
that 
pre- 
may 
ible. 
de- 
for 
por- 
ands 
tion 
ided 
cent 
cent 
Be- 
the 
dex 
DOS- 
nn- 
per- 
“ase 
nan 
and 
ent 
the 


and 

be 
V0 
on- 
res 
are 


ore 


Ory 





TABLE 3 


Production and Sales of Cresylic Acid and Phenol 
(From U. S. Tariff Commission Report) 











Cresylic Acid Phenol 
1931 
Production, Ibs. ........ 10,994,000 17,981,000 
Sales, Ibs. ....... eras 10,305,000 14,002,000 
1932 
Production, Ibs. ........ 8,060,000 13,965,000 
RR Te eh aah sla ed inion 4,850,000 12,181,000 














than 50 percent of the cresylic acid production in 1931 
and more than 100 percent of the sales in 1932, as 
shown in Table 3. It is even 45 percent of the phenol 
sales in 1932, as reported to the U. S. Tariff Commis- 
sion. 

Unfortunately, figures are not available for most of 
the other solvents, and although some of them may be 
made by relatively simple chemical processes, from 
cheap raw materials, the majority are in the special 
chemical classification. One of these, nitrobenzene, is 
produced in large quantities as an intermediate in dye 
manufacture and the requirement on the above basis is 
only about 12 percent of the 1929 production. How- 
ever, the use of such quantities of most of these ma- 
terials would have a definite effect on the chemical in- 
dustry. New methods of manufacture in large quanti- 
ties and new sources of raw materials would undoubt- 
edly have to be developed in many cases to supply this 
demand. 

In the above discussion no mention was* made of 
chemical addition agents which may be added to lubri- 
cating oils in much the same manner as addition agents 
are added to gasoline. At the present time there is a 
widespread use of the pour-depressor Paraflow. This 
product may be added to a partially dewaxed oil to de- 
crease its pour point from approximately 15° F. to 
0° F. Other addition agents, such as some oleates and 
stearates, are added to enhance the ability of the oil to 
form and maintain a film over metal surfaces. Still an- 
other chemical, when added to a lubricating oil, will 
markedly increase the viscosity index. More and more 
of these addition compounds will be used in the future 
to modify the properties of the finished lubricant. 

The previous discussion has presented the develop- 
ment of chemical utilization in the oil industry from a 
position where basic chemicals were a necessary evil, 
with the only requirement that of destroying the un- 
desirable fractions, to the present position, where they 
aid in the production of higher grade products. Orig- 
inally a minor item of operating cost because of both 
the generally higher costs of refining and cheap 
chemicals, they now represent a large part of the cost 
in many refineries because other operating costs have 


been vreatly decreased and the number and unit price 
of chemicals has greatly increased. The trend has been 
defini'cly from destructive chemicals to more selective 
and higher cost chemicals in the refining processes, and 
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to the use of chemicals for imparting the final desired 
characteristics to the products. 

This trend may be emphasized still further, from the 
viewpoint of the chemical industry, as a trend from 
destructive inorganic chemicals, through less destructive 
inorganic chemicals to selective and non-destructive 
organic chemicals and addition agents. 

During the early part of this period the trend may 
be considered as a gradual one, with no marked en- 
trance of the chemical industry into oil refining. The 
first major development, requiring the refiner to re- 
linquish his essentially self-contained position, was the 
introduction of tetra-ethyl lead. Its significance in the 
trend of chemical utilization cannot be emphasized too 
greatly, because it marked the beginning of the indus- 
try’s acknowledgment of addition agents. It may also 
be considered as the entrance of the organic chemical 
industry into oil refining and as a stepping-stone to- 
ward the present organic chemical consciousness of the 
petroleum refiner. 

Any prophecy of the future trend of chemical utiliza- 
tion in the petroleum industry is of necessity visionary, 
but it may be safely stated that it ‘will continue to be 
toward more complex and selective materials, and that 
high yield of high quality products will be more and 
more important as the supply of high quality crudes 
decreases. Addition agents for increasing the apparent 
viscosity index and sludging characteristics of lubricat- 
ing oils and competitive anti-knock compounds for gas- 
oline are probable developments. Catalytic cracking 
and the addition of some chemical during the cracking 
operation to produce high anti-knock compounds di- 
rectly in the gasoline are distinct possibilities for the 
future. Certainly the selective treatment of lubricating 
oils, and possibly of other fractions, is still in the pre- 
liminary stages from a chemical viewpoint, and con- 
siderable further development along these lines may be 
anticipated. 
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HE use of mercury vapor as a medium for the 

transfer of heat is neither new nor untried. The 
first commercial applications to chemical processes, 
so far as we know, were made in 1915, in connection 
with the distillation of beta naphthol and the sul- 
phonation of naphthalene. Since that time there have 
been installed 19, or more, mercury units, of which 
the best known are those being used by Sun Oil 
Company, Philadelphia, Pa., for the distillation of 
lubricating oils. Along with the investigation and 
development of mercury vapor as applied to chemical 
processes, considerable advances were made in the 
field of power generation, until today there are three 
large mercury-steam-electric units in commercial 
use. 

This gives assurance that the pioneer period of 
development in the use of mercury vapor is past— 
that we have reached that point where sufficient 
knowledge and experience are available to assure 
the utilization of mercury vapor on a sound engineer- 
ing basis, either in the fields of power generation or 
of process heating. 

The advantages of saturated vapors over direct 
flame, hot-liquids, or hot-gas methods of heating is 
evidenced by the general use of saturated vapors 
when the temperature range is within their limits. 
Engineers have long appreciated the fact that in the 
vapor stage the temperature of a saturated vapor 
medium remains constant and only the latent heat 
of the vapor is utilized in the heating or cooling 
process. With mercury vapor added to this class of 
heat-transfer media, the temperature range of vapor 
heating is materially increased. As a matter of fact, 
the only temperature limitation of mercury, insofar 
as the heating medium is concerned, is the upper 
temperature limit of the metals used for heat-transfer 
equipment. 

The respective temperature pressure ranges of the 
three principal liquids used for vapor generation— 
water, the diphenyl liquid group, and mercury—are 
illustrated by the curves shown in Figure 1. 

Assuming six pounds absolute as the minimum 
practical operating pressure for all three liquids, 
there is a temperature range for steam from 170° F. 


Process Industries 


at six pounds to 636° F. at 2000 pounds; for the di- 
phenyl liquids from 425° F. at six pounds to 735°F, 
at 136 pounds, and, for mercury, from 591°F. at six 
pounds to 1000°F. at 180 pounds. However, with the 
mercury vapor process, by use of the “puff” system, 
the lower limit of the temperature may be reduced 
to somewhat less than 350°F. Mercury is used in the 
lower limits only in cases where exact control of 
temperatures and simplicity of equipment are essen- 
tial, as these temperatures are within the tempera- 
ture range of either steam or the diphenyl liquids. 

Mercury has in its favor, as a medium of heat 
transfer, the following particular advantages over 
other liquids— 

1. The required temperature is obtained with a 
considerably lower pressure. 

2. It is an element and, therefore, has no tendency 
to dissociate or form compounds by rearrangement 
of its atoms. 

3. It is not a solvent for, neither does it form 
amalgams with steel. There is, therefore, no ten- 
dency to foul the heating surfaces, nor to change 
the quality or quantity of the heat-transfer medium 
in the system. 

It does have in both the liquid and vapor states, a 
scrubbing action on the steel surfaces and, although 
all surfaces coming in contact with mercury should 
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be sand blasted or pickled before assembly of the 
unit, the mercury will find and clean off all particles 
of mill or welding scale and any other foreign mat- 
ter which might be present. This requires that pro- 
yision be made in the design of the apparatus, for 
removing this material until such time as the system 
is clean. This will be accomplished in several weeks 
of operation, after which the system may be sealed 
and operated over long periods. 

4. Mercury solidifies at —38°F., which, for all 
practical purposes, eliminates the freezing hazard. 

5. The high specific gravity of the liquid makes it 
possible to return condensate to the boiler by grav- 
ity, with the headroom available in most of the ex- 
isting process buildings, thus eliminating the neces- 
sity for pumping equipment of any knid. 

6. Mercury and its vapor are non-inflammable, 
and is, therefore, practically suited to chemical pro- 
cesses in which the material being heated is com- 
bustible or explosive in the presence of flame. 

Other advantages include: low cost of attendance, 
low maintenance, and the small space require’ for 
installation. Any source of heat can be used with 
mercury systems, such as oil, gas, coal, or electricity. 

It is not the intent, of the foregoing, to give the 
impression that the mercury process is the magic 
wand of heat transfer work, or that it is so far su- 
perior to other methods that it alone should be con- 
sidered, for such is not the case. There is, and will 
continue to be, many cases of application where 
other liquids are more economical and the question 
as to which medium is the most economical should 
be decided on its merits after all engineering and 
economic factors have been given due consideration. 


An erroneous impression prevails so generally re- 
garding the dangers of mercury poisoning that it is 
desirable to state, briefly, the facts of the matter at 
this point, because the question is so frequently 
raised, even by chemical engineers. This impression 
arises, we believe, because of the general misunder- 
standing of just what constitutes mercury poisoning. 
Also in the early stages of the use of mercury, con- 
siderable difficulty was experienced in handling it, 
with the attendant danger of mercurial poisoning. 
The Babcock & Wilcox Company gave this question 
very serious consideration when it first commenced 
its extensive work on mercury boilers, about 1924. 

At that time, an exhaustive investigation into this 
subject was made. Leading authorities in the medi- 
cal and manufacturing fields were consulted and the 
experience of General Electric Company with mer- 
cury over a period of several years prior to that time 
was taken into account. 

This investigation proved conclusively that there 
is no need to fear mercury poisoning, in fact, in all 
of the experimental work carried on by General 
Electric Company and The Babcock & Wilcox Com- 
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pany with mercury vapor apparatus no one engaged 
in this work has experienced even a moderate case of 
poisoning. 

It is commonly believed that mercury vapor is col- 
orless, odorless and tasteless, and while this may be 
strictly true of the vapor in very minute quantities, 
such as would be given off by ordinary evaporation 
from a container standing.in a room, a vapor leak 
from a system under pressure is readily visible in 
the form of a dense gray cloud attended by a silvery 
deposit caused by condensation on adjacent cool 
structures. Anyone exposed to such a leak is de- 
cidedly aware, almost immediately, of a brassy taste 
in the mouth and discomfort in the throat. 

Such a leak will, of course, occur only in systems 
operating above atmospheric pressures. In a great 
many industrial heat-transfer units, the mercury va- 
por will be used at pressures less than atmospheric. 
Any leak, therefore, would be of air into the system, 
rather than of mercury vapor, outward. 

It must be remembered that in many industrial 
plants the operators are accustomed to handling free- 
ly poisons, that are considerably more dangerous 
than mercury or mercury vapor. Mercury vapor, if 
in sufficient volume to cause’ serious effects, pro- 
duces so much discomfort in the person exposed to 
it that he has ample warning of its presence. If the 
mercury vapor is not in sufficient volume to be 
tasted, seen or smelled, it soon produces a severe 
headache and thus gives ample warning that it is 
present. If exposure is continued, the headache is 
followed by distress in the alimentary canal, such as 
an extreme looseness or constipation; if either of 
these distresses are experienced, the person would, 
in a properly operated plant, seek immediate relief. 

In central stations, the maximum precautionary 
measures are taken, but these, at the most are really 
the simple principles of hygiene, most of which 
should be practiced even if there were no mercury in 
the vicinity. As a matter of fact, the physical con- 
dition of operators of mercury equipment has actu- 
ally been found to be considerably above that of the 
average operator, because of the habits of cleanliness 
insisted upon by the employer. 

In general, the following simple precautions are 
observed in central stations where large volumes of 
mercury are used: 

1. Men are given a medical examination prior to 
being associated with mercury; those susceptible are 
thus eliminated at the start. Frequent examinations 
of operators are made, to keep a check on their con- 
dition. 

2. Operators bathe and change clothing completely 
before leaving the plant. Work clothes and street 
clothes are kept separate. Clean work clothes are 
provided. 

3. No smoking is allowed in the boiler room, and 
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tobacco is used elsewhere only after 
hands have been washed. 

4. No food is kept or eaten in the boiler room. 
Before eating workmen wash their face and hands 
and brush their teeth. 

5. Potassium chlorate mouth-wash is provided. 

6. Boiler room, turbine room, etc., are kept scrupu- 
lously clean and well ventilated. 

7. When handling liquid mercury, rubber gloves 
are worn under the regular work gloves. 

8. Blower-type masks are provided for use when 
working inside any apparatus. 

In this connection, it will be of interest to note 
that a mercury detector has been developed to a 
high state by General Electric Company that will 
take continuous samples of flue gases or air in the 
room and which is sensitive to one part of mercury 
in several millions. 

The equipment for process heating by mercury 
vapor may be divided into classes consisting of: 

1. In which the vapor temperature is obtained at 
pressures below atmospheric pressure. 

2. In which the temperature is in a range of pres- 
sures from atmospheric pressure up to approximate- 
ly 30 pounds gauge. 

3. In which the temperature is above approximate- 
ly 30 pounds gauge. 

Each of these three classes require a separate 
method of control. 

In class No. 1, the control is provided by utilizing 
air at atmospheric pressure and vacuum to control 
the passage of mercury vapor to the heat exchanger. 
In class No. 2, the temperature is controlled by pro- 
viding an artificial atmospheric pressure, the use of 
which, with vacuum, controls the passage of mer- 
cury vapor to the heat exchanger. Class No. 3 is 
simply the conventional type of control for pressure 
vapor heating. 


The application of Class No. 2 is limited by the 













cost of the liquid mercury in the barometric leg of 
the mercury vapor control valve only. 

A typical installation of mercury vapor heating as 
for Class No. 1 is shown by Figure 2. 

It will be noted in this figure that A is the mer- 
cury boiler, in which the headers from the sections 
of the boiler are joined together by connecting tubes 
B in a single main header C, which branches off at 
D into a number of service headers, one of which is 
indicated by E. Each of these is connected through 
the valve F to a heat absorbing or mercury vapor 
condensing unit G. Vapor after-condenser H is pro- 
vided, connected as shown. Return lines I, J, and K, 
from the mercury vapor valve, the roaster, and the 
safety bubbler, lead to traps L, M, and N, and clean- 
outs P, QO, and R. 

The safety bubbler U is merely a safety valve, 
and differs from the ordinary steam safety valve in 
that it does not open to the atmosphere, but opens 
instead, into a closed condenser, with provision for 
returning the condensate back to the boiler by grav- 
ity. It also differs from the usual steam safety 
in that the specific gravity of the liquid is so 
that no mechanical parts, such as valve springs or 
valve seats, are necessary, a barometric leg of liquid 


valve 
great 


mercury replacing the valve seat and discs of the 
conventional type of safety valve. 

The control of the temperature in the heat ex- 
changer is accomplished through the mercury vapor 
control valve, the purpose of which is three-fold: 
First, to permit shutting off the mercury at will from 
the heat exchanger, and to permit the entrance of 
the mercury vapor whenever desired ; second, to per- 
mit the operation of the heat exchanger at a low 
pressure without endangering the operation of the 
boiler, and,‘third, to control the mercury vapor with- 
out in any way presenting a metallic surface other 
than liquid mercury as a valve seat. 

The mercury vapor control valve is operated by 
the difference in pressure between the atmosphere 
and the lesser pressure within the unit; that is, the 
column of liquid mercury in the mercury control 
valve is regulated by raising and lowering the mer- 
cury level by intermittent exposures to atmospheric 
pressure. By the raising and lowering of the level, 
of the liquid, the supply line through which the 
mercury vapor is passed to the heat exchanger, 1s 
opened and closed; in other words, the liquid mer- 
cury when raised in the valve submerges the inlet 
end of the vapor supply pipe in liquid mercury, thus 
preyenting the passage of mercury vapor from the 
supply line of the boiler to the supply line of the 
heat exchanger. 

By this method of control, there are none of the 
usual conventional types of valves exposed to metf- 
cury, and, consequently, there is no maintenance of 
valves or valve seats. 

A further unique feature of this system is the pos 
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ibility of operation of the boiler at a comparatively 
high mercury vapor pressure on the heat exchanger 
in such manner that during the heating-up period 
the full benefit of this higher pressure is obtained in 
the jacket of the heat exchanger, so as to cause 
quick heating, and, following that, the maintenance 
of the required temperature in the heat exchanger, 
corresponding to a very much lower mercury vapor 
pressure by what may be termed the “puff” system. 
In this method, the valve is alternately opened and 
dosed, to permit the injection of a small quantity of 
mercury vapor at higher pressure at each operation. 
This mercury vapor expands suddenly, producing 
the low pressures and low temperatures required in 
the heat exchanger. 

Briefly, the operation of the “puff” system is ac- 
complished through manipulation of valve No. 7 (to 
atmosphere) and valve No. 6 (to vacuum). Assum- 
ing the unit on the line and mercury vapor passing 
to the heat exchanger, and the temperature ap- 
proaching the upper limit, valve No. 6 in this case 
being open and valve No. 7, to the atmosphere, being 
dosed, thus putting a vacuum on the reservoir side 
of the mercury vapor control valve. 

To stop the flow of mercury vapor to the heat ex- 
changer, valve No. 6 to the vacuum pump is closed, 
and valve No. 7 to the atmosphere is opened. The in- 
tushing air at atmospheric pressure replaces the 
vacuum which drops the liquid mercury in the reser- 
veir, and this liquid mercury then flows into the 
lower chamber of the vapor valve, submerging the 
lower end of the vapor supply pipe in liquid mer- 
cury and thus stopping the flow of vapor to the heat 
exchanger. 

As the heat in the mercury vapor surrounding the 
heat exchanger is absorbed, the temperature will 
drop, and, when the temperature reaches the lower 
temperature range of operation, the passage of 
more vapor mercury to the heat exchanger is 


; = Vapor 
accomplished by closing valve No. 7 to the at- 
mosphere and opening valve No. 6 to the 
vacuum. This evacuates the air on the reser- secu 
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voir side of the valve, thus withdrawing the 
liquid mercury from the vapor side of the valve, 
and exposing the lower end of the vapor pipe 
0 the source of mercury vapor, and mercury 
vapor again flows to the heat exchanger. 

In the foregoing description of the operation 
of the unit, it might be assumed that the valves 
No. 6 and No. 7 were hand operated, whereas, 
in actual service, this is accomplished by auto- 
matic controls, which operate on temperature, 
and these controls may be made by either 
regulating the tlow of mercury vapor by the 
temperature of the material in the heat ex- 
changer or by the temperature of the mercury 
Vapor surrounding the vessel. 

In addition to the automatic controls for the 
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passage of vapor to the vessel, there is usually provided 
an automatic control for the fuel burner. This con- 
trol operates from the pressure or temperature of 
the mercury vapor in the vapor main adjacent to the 
boiler, which automatically controls the amount of 
fuel burned in accordance with the requirements of 
the heat exchanging equipment. 

Figure 2 shows but one heat exchanger, for pur- 
poses of illustration, but multiples of heat exchang- 
ers may be taken from the same vapor main. Each 
heat exchanging unit would be complete with its 
own mercury control valve, after-condenser and au- 
tomatic controls. 

The after-condenser performs several functions. 

1. With the “puff” system, the after-condenser 
provides an additional amount of heating surface 
available in order that the temperature in the mer- 
cury vapor heating element may be uniformly dis- 
tributed. It will be found in practice that the mer- 
cury vapor will actually rise to a given point in the 
after-condenser, and this point may frequently be 
used, in lieu of a thermometer, to ascertain the oper- 
ating temperature inside the heat exchanger. 

2. The second important function of the after-con- 
denser is to collect the air remaining in the system 
after evacuation and to vent it. Before placing the 
unit into operation, it is evacuated to approximately 
.2 millimeter upon starting, but, due to the high tem- 
perature of the mercury vapor even this small 
amount of gas remaining after evacuation rises to a 
considerable vapor pressure relative to low pres- 
sure of the mercury vapor, and may produce diffi- 
culty if some provision is not made for collecting 
this remaining gas. 

3. The third function of the after-condenser is to 
act as a protector to the vacuum pump, in order that 
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Fig.3 _Sketch of Typical B.& W. Mercury Boiler 
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under no conditions mercury vapor can be 
carried to the vacuum pump, even though 
the heating surface of the heat exchanger 
is completely bathed in the mercury vapor. 

On the lower end of the after-condenser 
there is installed a manually-operated valve 
No. 9, to the atmosphere. This valve is for 
emergency use, in the event that for any 
reason it is desired to eliminate the mercury 
vapor in the heat exchanger. This is ac- 
complished by opening the valve which per- 
mits air to enter and displace the vacuum, 
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thus causing rapid condensation of the mer- 
cury vapor and stopping the boiling of the 
liquid mercury in the system. This, of 
course, is only for emergency operation, as it 
is important that as little air as possible 
should enter the system, as oxygen combines 
with both mercury and steel to form oxides 
that would have a tendency to foul the 
system. 

The returns for the liquid mercury are 
equipped with traps and sumps. The sumps 
permit the removal of mill scale and sludge, 
that are carried through the system in suspension, and 
should be cleaned out frequently, when the equipment 
is first put into operation; it will be found, however, 
that the amount of mill scale and other foreign material 
obtainable from the sumps will diminish to the mini- 
mum within a few weeks, after which the necessity 











for further cleaning will be infrequent. 

The design and operation of mercury vapor equip- 
ment for the second class, where an artificial atmos- 
phere at about 30 pounds is provided to replace air 
at atmospheric pressure, is similar to that described 
for class 1, and for the third class, where the tem- 
perature range is over 30 pound gauge, the design 
and operation of the unit is similar to either steam 
or high-boiling-point liquid systems other than mer- 
cury ; that is, the unit is designed to work at a posi- 
tive pressure, and control is maintained through 
valves and the safety valve exhausts taken care of 
through safety valves of the conventional design but 
modified, as necessary, for mercury vapor service. 
In addition, because of the value of the mercury, 
closed-condensing equipment is provided on the 
safety valve exhaust to conserve the mercury passing 
through the safety valve exhaust. 

Due to the high specific gravity of liquid mercury, 
and due, also, to the fact that liquid mercury does 
not ordinarily wet steel, it is necessary to provide a 
boiler of special design for this service. 

There have been certain theories on using other 
metals, such as sodium, for forming an alloy with 
liquid mercury for the purpose of wetting the sur- 
faces in the boiler, and thereby obtaining higher 
rates of heat transfer. 







B&W MERCURY- VAPOR 
GENERATING TUBE 


Fig.4 not wet the 
formulas for heat transfer have been based on this 
principle and checked by actual tests. 


and consists of horizontal headers into which 
are inserted mercury vapor-generating ele- 
ments. These elements extend downward 
into the hot gases of the furnace, and each 
contains its own system of circulation. The 
design of the mercury-vapor-generating 
tubes is shown in Figure 4. 

In the design of a mercury vapor heating 
unit, all material that comes in contact with 
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mercury must be made of steel, or, for ex- 
tremely high temperatures, special steel al- 
loy, for the reason that, of all our struc- 
tural metals, steel, alone, is not subject to 
attack by mercury, except in very insignifi- 
cant degree. 

The question as to whether or not mer- 
cury wets the surfaces of a mercury boiler 
It is known that 
it steel is cut in a bath of liquid mercury, 
the surfaces will be wetted. 


is somewhat controversial. 


However, as it 
is impracticable to manufacture commercial 
equipment by any such method all design is 
on the assumption that the mercury does 


surfaces of steel, and all 


The cost of the liquid mercury is often raised as 
an argument against its use. This is not justified, 
for the reasons, first, that the amount of liquid mer- 
cury required is small; second, that there is practi- 
cally zero deterioration, and third, that mercury is 
always resaleable at practically the market price. 

In addition to the use of mercury vapor in the 
transfer of heat to process material, mercury has 
also been used as a cooling medium for exothermic 
reactions, as well as in a combination requiring, 
first, heating, and then cooling. ‘The cooling is ac- 
complished by providing in the heat exchanger a 
reservoir of liquid mercury, so that, when the tem- 
perature of the material reaches its maximum, and 
it is desired to cool it, the mercury vapor is shut off 
and the liquid mercury allowed to boil, and thus ab- 
sorb either the residual heat or the heat caused by 
chemical reaction, the mercury vapor being con- 
densed and returned to the boiler by gravity or re- 
turned to the heat exchanger for further cooling. 
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Fouling of Heat Exchangers 


W. L. NELSON 


Consultant, Professor of Petroleum Refining 
University of Tulsa 


HE problem of designing heat exchange equip- 

ment which is adequately large and at the same 
time not greatly too large is always a troublesome 
problem for plant engineers. The responsibility has 
been shifted to some extent to the exchanger manu- 
facturers but this apparently easy solution to the 
problem has not been satisfactory. Even the manu- 
facturers have trouble in ascertaining the rate of heat 
transfer and after conciliations have been made the 
trouble is again back in the hands of the plant engi- 
neer. The difficulty arises because no one can ac- 
curately estimate the resistance to heat transfer that 
is due to deposits of water-scale, dirt, coke, corrosion 
scales, etc. Except under special conditions the ef- 
fect of these resistances can never be exactly known. 
If the stocks are exceptionally clean, if the exchange 
equipment is periodically cleaned or if the problem 
can be carefully studied in plant operation for several 
months, then it is possible to foretell with fair ac- 
curacy the magnitude of the fouling resistance. 


THEORY OF HEAT TRANSFER 


The subject of fouling cannot be continued with- 
out first acquiring a thorough knowledge of the the- 
ory of heat transfer. The transfer of heat from a 
fluid to another fluid is really a special phase of con- 
duction. The conduction of heat through solids is 
governed by the following equation— 

k A (T;— T:) AT 
Oz = —— Equation (1) 
L R 
in which: Q is the heat (B t u ) that is transferred 
per hour; A is the area (square feet) through which 
the heat is transferred; T, is the high temperature 
(°F.) and T, the low; L is the thickness (feet) of the 
material through which heat flows and K is the con- 
ductivity of the particular material and is expressed 
as B t u per hour per °F. temperature difference per 
square foot of surface per foot of thickness. The con- 
ductivity K is a constant for each material and ‘it 
must be determined experimentally or obtained from 
reference tables. The conductivity of metals is very 
high; for insulating materials and liquid it is low; 
and for gases it is very low. 

The application of this equation to heat flow 
through solids is simple but in the case of liquids the 
thickness L cannot be determined with accuracy be- 
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HIS is the first of two articles by W. L. Nelson 

of the University of Tulsa, concerning the fouling 
of heat exchangers and the fouling factors which 
are obtained in particular classes of heat transfer 
equipment. The complexity of the subject precludes 
the presentation of exact rules or charts for prede- 
termining the extent of fouling. However, the sub- 
ject is a vital one and any information concerning 
fouling is* welcomed by plant engineers. 

The first article is an introductory one which pre- 
sents the fundamentals of heat transfer and fouling 
so that the subject of fouling can be easily grasped 
by plant engineers. The second article will discuss 
in detail the fouling factors that can be expected in 
plant service, the deposition of coke in pipe still 
tubes, the temperatures that are attained in pipe 
still tubes and the fouling conditions caused by 
hard water and wax. 











cause the liquid circulates by convection. The circu- 
lation mixes most of the liquid thoroughly but a thin 
film of liquid at the metal surface lies unmolested 
and heat must be transferred through this film by 
conduction. Equation (1) must be used in a modified 
form because the thickness L is missing. The re- 
sistance R in the above equation is— 

L 

R =—— Equation (2a) 

kA 
In handling the transfer of heat through films, the 
resistance concept becomes necessary. The thickness 
L is unknown and it is replaced by unit thickness. 
The conductivity k is replaced by the film transfer 
rate h so that 

1 








r= Equation (2b) 


hA 
The film coefficient h is not a constant and it must 
be determined experimentally for each fluid and for 
different conditions of velocity, temperature and vis- 
cosity. 

In commercial equipment heat is usually trans- 
ferred through several resistances in series. The 
equation for two films, a partition wall and a fouling 
resistance, all in series, is— 











A:T 
Q= ; 
1 ha 1 
+——+—+R 
h,A KA; hsAz 
AT 
or Equation (3) 





Ri + R: + Rs + Re 


The subscripts 1, 2 and 3 denote the conditions for 
the three normal resistances and f refers to the foul- 
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TABLE I 








Approxi- Apparent 

Film mate Film 

Transfer Conduc- Thickness 

Rate tivity Inches 

1. Gas (methane)....... 2 0.017 0.102 
40 0.017 0.0051 

er 20 0.07 0.04 
80 0.05 0.0075 

Re II oo acs. a. 0:6 vatere ors 30 0.08 0.032 
150 0.06 0.0048 
i NOON a ccc sic awa 70 0.1 0.0172 
500 0.08 0.00192 

eR con ahah d edick dled 100 0.35 0.042 
800 0.35 0.0052 
6. Steam (condensing)... 3000 0.125 0.0005 

















. 


ing resistance. the quantity of heat that flows 
through each resistance must be the same, so that— 








AT AT; AT; 
Q=—= + 
R l L: 
h,A, ksA2 
O& T; ATs its Ty 








etc. := = — —— Equation (4) 
Ry R; Rs Rr 





Equation (3) provides a method of determining the 
temperature in the film. The equation says that the 
drop in temperature across each resistance is directly 
proportional to that resistance and the temperature 
drop across all of the resistances is proportional to 
the sum of the resistances. 

In dealing with heat exchangers the areas A,, A,, 
A,;, etc. are nearly the same and it becomes conven- 
ient to neglect the areas and to use the overall co- 
efficient of heat transfer H. The resistance of the 
partition wall is also negligible, particularly so if 
fouling occurs— 


O=: HAAT 


“~~ 


Equation (5) 
Solving equations (3) and (5) simultaneously and 


neglecting the partition wall— 


= Equation (6) 





The apparent thickness of the films that are rep- 
resented by the rates h, and h, is of interest. These 
thicknesses can be approximated by using normal 
film coefficients and by equating the two resistances 
(see Equations (2a) and (2b)— 

] L k 
R=— = or L=— 
hA KA h 
Common transfer rates, conductivities and apparent 
film thicknesses are given in Table I. 


THE FOULING RESISTANCE 


Plant data indicates that the fouling resistance 
ranges from 0.0005 to 0.05. The numerical values of 
fouling resistances will be discussed in a subsequent 
paper. The significance of these resistances can be 


more easily grasped by expressing them as equiva. 


lent transfer rates. The following tabulation ind. 
cates the transfer rates that are equivalent to the 
common range of fouling resistances— 











Equivalent 
Resistance Transfer 
by Fouling Rate Condition 
.0005 2000 
.001 1000 Commercially clean 
.002 500 Slight dirt film 
01 100 Normal dirt film 
.02 50 Severe corrosion or scale 
.05 20 Wax or hard coke 














Considering Table I: the first three fouling resis. 
tances are of little importance and the film rates be- 
come the controlling factor. In the last three the 
fouling resistance is of such magnitude that it over- 
shadows the importance of the film rates. Figure | 
illustrates the effect of fouling resistance on the over- 
all theoretical rate of heat transfer. This figure 
clearly shows that a large fouling resistance is an 
important factor. Note that the actual rates at a foul- 
ing resistance of 0.05 range from 6.7 to 19.2 even 
through the corresponding clean transfer rates are 10) 
and 500. 

In the past the problem of heat transfer has been 
attacked by a study of film transfer rates. These 
studies have been useful and they were a necessary 
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contribution before progress in the study of fouling 
rates could proceed. Nevertheless, it is apparent that 
the film rates that are now available are sufficiently 
accurate to allow a thorough study of fouling.’ 

The great lowering of clean film rates by fouling 
has often lead plant engineers to believe that some- 
thing was wrong with the film rates that had been 
published. As an example two exchangers operate 
under such conditions that the film transfer rates are 
computed to be 125 and 25. If both exchangers be- 
come fouled by the same amount so that the resis- 
tance by fouling is 0.02, the overall coefficients of the 
two exchangers drop to 36 and 17 respectively. The 
decrease in rate is so great in the first exchanger and 
so little in the second that naturally the plant engi- 
neer felt that something must be wrong. Hence, 
many engineers dropped the use of film transfer the- 
ory and proceeded to design by overall coefficients 
and by the use of percentage correction factors for 
the effect of fouling. 

From the above it becomes apparent that the 
transfer rate through the films becomes of secondary 
importance if a large resistance by fouling is also in- 
volved. Although the methods of computing film 
rates are doubtless not perfect, they are now suffi 
ciently accurate to cause little concern. The imme- 
diate problem is the tabulation and classification of 
fouling resistances. 


The general effect of the fouling resistance on the: 


variables which affect the film rates of transfer is 
interesting. Velocity and viscosity have long been 
resognized as important factors in the rate of trans- 
fer of heat. They are powerful in changing the film 
transfer rates but in conjunction with a fouling re- 
sistance they may become relatively unimportant. 
As an example, the rate for a steam condenser at 
water velocities of four and six feet, is 525 and 640 
respectively. But if a water scale is produced in both 
condensers having a resistance of 0.01, the overall 
rates drop to 84 and 86.5 respectively. Thus the rates 
are about the same in spite of the much higher ve- 
locity in the second condenser. 

These illustrations indicate clearly why so much 
confusion exists concerning transfer rates. The con- 
fusion cannot be organized because no one knows the 
magnitude of the fouling resistance. The range of 
the fouling resistances for various services can be 
given but exact values, and exact values are neces- 
sary, cannot be found. Rules or curves by which the 
fouling resistance can be found cannot be given un- 
less a gross approximation will suffice. 

The resistances due to fouling are often so small 
that the position of the decimal point may become 
confusing. Hence the use of the term “fouling fac- 
tor” has become common. The fouling factor is equal 


Cnn 
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to 1000 times the fouling resistance. Thus if the re- 
sistance is 0.005, the fouling factor is 5, 


CLASSIFICATION OF FOULING CONDITIONS 


Although there are many individual conditions of 
fouling all of them can be generally classified as 
follows— 


1. Hard Deposits. Examples of this type of fouling 

are water scale, corrosion scales, rust and hard coke. 
In general the thickness and resistance of these de- 
posits increase with time but not direttly propor- 
tional to time. They cannot be removed by blowing 
with steam or by flushing with hot water but some 
of them can be removed by the use of chemicals. The 
chemical solution is often pumped through the equip- 
ment but sometimes the tube bundle is removed and 
dipped into a vat which contains the chemical.* 
The usual manner of removing hard deposits is by 
the use of cleaning tools and brushes. The resistance 
offered by hard dense deposits is directly related to 
the conductivity of the material composing the scale. 
The resistances of some of these scale materials will 
be discussed later. 

The rate at which fouling occurred in a naphtha 
condenser cooled with water in the tubes is given by 
Samans.? The decrease in rate and the corresponding 
fouling factors are given in Table II. 




















TABLE II 
Blown with Steam and 
| Blown Daily after 
Not Cleaned 18th Day 
| ‘Transfer Fouling Transfer Fouling 
Days | Rate Factor Rate Factor 
| 
1 50 0 50 0 
2 44 en i + ee eee 
4 40 2) a CE ee enpe |iaes Oe 
6 37.5 Ge a 8 ee ee 
10 33 | : erga seni oot) > 
14 29.4 Pees A) owesara wb Ze eee 
ae DO Wes - ae eee 34 9.4 
i (rrr Rae ie. 32.4 11.0 
50 Lwin A tees 30.0 13.5 











In-another naphtha condenser (water cooled) the 
following data? were recorded. 











“— Transfer Rate 
4 33.2 
7 and 8 28.7 








2. Porous Deposits. These deposits often consist of 
essentially the same materials that compose the hard 
deposits. Coke or carbon may be deposited from 
fluids such as topping still bottoms, asphalt or tar 
from vacuum plants or cracking-still bottoms. Scale 
forming mud and dirt may be deposited from water 
or from crude oil. Frequently the scales caused by 
corrosion are porous but not loose enough to be re- 
moved by blowing with steam. These deposits may 


273 











be more serious than hard scales because the fluid 
that is contained in the porous material usually has 
a lower conductivity than the hard skeleton of the 
scale and thus the overall conductivity is low. 

Sieder*® presents data showing the rate at which 
one type of porous deposit was accumulated. An 
evaporator was operated with steam on the outside 
of the bundle and a mixture of oil and water con- 
taining lint was heated in the tubes. The lint, etc. 
was deposited at a rate directly proportional to time, 
(up to 13 hours). At 13 hours the fouling factor was 
about 2 and if the deposit continued to grow at the 
same rate, it would cause a factor of 20 in about 5% 
It is not to be inferred however that porous 
scales are deposited at a rate directly proportional 
to time. The deposit described by Sieder might dis- 
lodge itself after attaining a certain thickness and 
hence might properly be classed as a loose deposit. 
Both the hard and the porous deposits can be re- 
moved to some extent by the use of bent-tube sec- 
These sections consist of a bank of condenser 
tubes (usually in an open box) which are bowed 
slightly during manufacture so that as heating and 
cooling occurs they bend and cause the scale to be 
loosened. 


3. Loose Deposits. 
are silt, mud, soot, powdered coke, leaves or vege- 
table fibre. Many of these can be removed by swabs, 
or brushes and some can be effectively removed by 
blowing with steam or air or by flushing with hot 
water. The resistance caused by these deposits is not 
greatly dependent on the material composing the de- 
posits but upon the liquid that is trapped within the 
deposits. As far as decreasing the rate of transfer is 
concerned, loose deposits may be more effective than 
other types. Hard scales and porous deposits are 
usually so tightly fastened to the surface that they 
are affected little by a high velocity but many loose 
deposits can be almost completely removed by main- 


days. 


tions. 


Examples of this type of deposit 


taining a velocity of over four feet per second. 

The effect of blowing with steam, even for a fairly 
tight scale, is illustrated in Table II. The condenser 
showed a better rate at 50 days (when blown daily 
with steam) than it did at 14 days if no blowing was 
practiced. 

The important factors which affect the character 
of the deposits, other than the material in the de- 
posit, are the temperature, the velocity and in gen- 
eral the stock that is handled. Temperature plays 
an important part in the formation of many deposits. 
Wax-bearing stocks must often be cooled to temper- 
atures at which the wax freezes. However, the wax 
which separates in the main body of fluid gives little 
trouble. It is the low temperature which exists in 
the liquid film which causes a deposit to be produced. 
As wax is deposited at the surface the film tempera- 
ture becomes even lower and the condition becomes 


3011 & Gas Journal, pg. 104, May 10, (1934). 
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progressively worse until the deposit is so thici: that 
it is dislodged by the pump pressure or the equip. 
ment must be cleaned. For very low temperatures 
the surfaces must be cleaned by scraper devices as 
in wax-chillers. The transfer rate in wax-chillers 
seldom exceeds 8. 

In a similar manner the high temperature in 4 
water film or oil film will cause the deposition of 
water scale and coke scale. If the film temperature 
were no higher than the temperature in the main 
body, the separation of the solid would take place in 
the main fluid and not at the heating surface. The 
high temperature of water from coolers and condens- 
ers is customarily kept below 125°F. which would 
appear to be so low that no precipitation should take 
place. The reason for scale formation is the much 
higher temperature. in the water film and hence scale 
is formed in this film. Coke formation in tubes is 
due to two factors: the higher temperature in the 
film and the longer length of time that the material 
in the film is subjected to cracking. The long time 
element causes cracking to take place to the forma- 
tion of coke whereas the same temperature for a 
shorter length of time would only cause the forma- 
tion of cracked tar. 

The effect of velocity has already been referred to. 
Loose deposits may be effectively wiped from the 
surfaces by a high velocity but the effect of velocity 
is almost negligible with hard scales. However, it 
may exert an effect on certain hard scales because of 
the decreased thickness of the film and the lower 
film temperature. If deposition takes place in the 
film because of temperature, i.e. wax, coke or water, 
the use of a higher velocity is beneficial. Consider a 
water film: At a high velocity the quantity of ma- 
terial contained in the film is much less because of 
the decreased thickness of the film: The temperature 
drop through the film is less at a high velocity (or 
transfer rate) and hence the temperature in the film 
is nearer the temperature in the main body of water 
and is lower and: The high velocity in two ways 
decreases the tendency to produce scale. The same 
principles are true for wax films and coke producing 
films. 

CONDUCTIVITIES 

The two factors which govern the resistance of 2 
deposit are the thickness and the conductivity. In- 
formation concerning the thickness can be gained 
only by plant experience but some idea of the con- 
ductivity of the materials which may compose the 
deposit can be obtained from reference literature. 

The conductivity of a material is a measure of the 
quantity of heat that can be conducted through a ma- 
terial. In this paper it is expressed as B t wu con- 
ducted per hour through a square foot of surface that 
is one foot thick for each difference in temperature 
of 1°F. 


In considering the conductivity, great care must 
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be used in determining the exact condition of the 
solid. If the solid is very dense it will have a relative- 
ly high conductivity, whereas the conductivity will 
be low if the solid is powdered or in a porous condi- 
tion. If the powdered solid is compressed the con- 
ductivity is greater and if it is wet it may be greatly 
larger. The conductivity is affected by temperature 
but not to a large degree. The effect of temperature 
is great in the case of sodium chloride (common 
salt) as shown in 31, 32, 33 and 34 Table III. The 
effect of particle size is illustrated by Graphite 6, 7 
and 8 Table III. Note that the conductivity de- 
creases with particle size (7 and 6) but that uniform- 
ly sized particles (8) have a much greater conduc- 
tivity because they pack more closely. The effect of 
moisture is illustrated by 15 and 16 for wet and dry 
soil. The same condition would result by wetting a 
porous deposit with oil because the conductivity of 
oil is usually higher than the conductivity of the 
porous deposit, the pores of which are filled with air 
during the conductivity determination. 

In Table III the data for solid coke (9), rust (21), 
calcium sulfate (27), natural gypsum (26), limestone 
(28), rock salt (31) and boiler scale (30) illustrate 


TABLE III 


the conductivities that may be expected in hard scale 
deposits. In general they are high; ranging from 
0.4 to 1.8. A thick deposit of these materials would 
be required to greatly impede heat transfer. The fol- 
lowing tabulation indicates the thickness of scale at 











Clean Thickness of 
Transfer Rate Resistance Scale Inches 
500 .0013 .0094 
100 .0067 .048 
50 .013 .094 
30 .022 16 
10 .067 48 














an average conductivity of 0.6 to cause a decrease of 
40 percent in the clean transfer rate. 


The porous type deposits might be studied by a 
consideration of coal dust (2), coke dust (3), ashes 
(13), fullers earth (14), soil (15) and (16), garden 
mold (17), river sand (18), alumina (19), rust (22) 
and iron sulfide (23). However these conductivities 


must be used with great care, particularly because 


they may be deposited in many different forms or in 


many degrees of dispersion. In addition to these dif- 


Thermal Conductivity of Materials which may Compose Fouling Deposits. 
(Btu/deg. F. diff. temp./hr./Sq. ft. for 1 ft. thickness) 

















Thermal! 
Conduc- 
Density tivity 
MATERIAL Condition Lb./cu. ft. K 
ae | BARRA No cans 3.5 Sdhw Bic ais Rea ia tei 40.5 0.038 
eres 2 errr rT ree. | 45.5 0.0633 
DB, CARON. coos cee sinc | Coke ecb ofiy ers s ale eeisat eee 62.4 0.0863 
Ce ee eS) ee eres 11.9 0.043 
ee eee lL errr rrr. 15.0 0.051 
G. Carbon. .... | Graphite-Compressed Powder | 
me. eer 30.0 0.103 
7. Carbon............| Graphite-Compressed Powder 
Bais ee eer eer 26.2 0.219 
8. Carbon............| Graphite-Compressed Powder 
| (Between 40-20 mesh)............. 43.7. 0.685 
a ee ce. epee rec ic) (mere ee 0.476 
Oe NMR sa alcs dai < 16 [hy EIS 5 coh Souk choeehsimibiainiarexeidterauellh teleuesabens 2.46 
re | Diamond..............eeee reece eee] ce eeee 75.0 
8 err ee ee 0.27 
oe | GE CONES civ ic 8s 5 Suna an eee on ee 0.0184 
MEU COR AMM ic. 6cnt ca,6.0% SAtcaiene.-00' Oa naigineieee os easel 33.0 0.0575 
a rere IN > <a. ceharh sk ecdsdck arse Riera aT Aaa ees 0.386 
i a ere BPE ilo .s ido miaieldasabuscoa Sees uspe ye 0.075 
17. Garden Mold...... SS Ce Oe ee ee er er Mee re et 0.115 
18. Fine River Sand....| Normal Moisture Content........... 100.0 0.633 
19. Alumina...........| Compressed Powder................ 112.0 0.386 
a NR, 8 ol i ec ekaaen-hae Sikn aoeiedeue aie 125.0 0.173 
SS) SO BRP NeR ara ry openers ym Mar rs 7 0.725 
22. Rust Feo 03........| Compressed Powder. ............5-0]  seeeee 0.282 
eS A ee a Fe eee een tn 4.1 
24. Plaster of Paris..... W350 cn actos cls cb Gta Reese amt eae ee ees 0.172 
25. Gy SONI INI dics Fins sc a kd so bao TS Ag 46.2 0.190 
26. pe ee err nee 180.0 0.75 
ie. Colin NOs... 0 PIII, occas acinsis'nnmsscemeeend 133.0 0.425 
Ca SO4 . ?H2O 
28. Limestone......... gf mr ee: Gee 0.805 
aS EE, Bi DAUR Bee ae ER 96.5 0.41 
30. Boiler Scale........ Re TE enc asceiadnteee Sane 1 43 
31. Sodium Chloride. . .| Rock Salt 75° C............-.ee eee] cena 1.82 
me Sodiunp Citeunie... 1 Madi Gate OPC... s ioc en cas ennesh eee 2.12 
ee Sa eae err a igre) 3.86 
34. Sodium Chloride. ..| Minus 190° C..............cceceeee|  ceeeee 15.0 
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ficulties they will all be impregnated 
with oil, water or gas in refinery 
and hence calculations can 
hardly be made without making 
vital assumptions. If the void space 
is filled with air, as in most of the 
data given in Table III the conduc- 
tivity will be very low, if filled with 
oil the conductivity will be higher, 
and very much higher than shown 
in Table III for dry powdered 
solids if water fills the voids. For 
particular services such as the cok- 


work 


ing of cracking still tubes, assump- 
tions can be made with fair ac- 
curacy and this particular phase 
will be discussed in a subsequent 
paper. 

Illustrations of the conductivity 
of loose deposits are not found in 
Table Ill. In this condition, the 
thickness of the deposit acts largely 
as a skeleton structure which en- 
traps the fluid and thereby creates 
a fluid film through which heat 
Table IV 


shows the conductivities of oil, wa- 


must be conducted. 
ter and some gases. 
Loose deposits which consist al- 
most entirely of fluid are effective 
resistors. As an example consider 


a loose scale which contains an oil 
of 30 A. P. I. 

















TABLE IV 
Temperature 

MATERIAL Degrees F. K 
TRI ae ia aia 100s 0.357 
ee eae eer 200 0.41 
Sl) Se ee 200 | 0.064 
I ee ok ew osisiaee 800 0.052 
gs at A) ee 200 0.078 
Se ere 600 0.064 
te yi rr ae 200 | 0.082 
Asphalt iy rf eee 32 to M. P. | 0.1 
Wax.. Brteneere et tke, 32 0.138 
Vaseline ory eae hor A RP a, 32 0.104 
Steam.... yh eg Den Eee | 212 0.0125 
EE a re | 32 | 0.0078 








(Table IV). If the scale is 0.01 inches thick a clean 
transfer rate of 100 will be reduced to 45.7— 


1 1 
= = = 45.7 
1 0.01 01 + .0119 





oe 
100 = 12x0.07 
The following tabulation was computed in a sim- 
ilar manner— 








Clean | Transfer Rate 
Transfer Rate 
100 
} 


With Fouling 


Thickness of 
Loose Film 





0.01 | 45.7 

100 0.05 10.5 
100 0.1 7.75 

30 0.01 22.2 

30 0.05 8.4 











FILM TEMPERATURE 

The temperature that exists in the fluid film at the 
container wall is of vital importance in studying 
boiler scale, coke deposits and wax deposits. The 
film temperature can be computed by means of equa- 
tion (4). Heat flows through each resistance be- 
cause of the difference in temperature across the re- 
sistance. Equation (4) shows that the temperature 
drop is directly proportional to the resistance. Neg- 
lecting the difference in area on the inside and out- 
side of a tube and neglecting the resistance to heat 
flow that is caused by the partition wall, the follow- 
ing relation may be written— 
AT: ATi: ATi: ATs: ete. 

1 1 1 


=— :—:: : Re ete. 
_ ha — 
In this relation 4 T refers to the total temperature 


drop, 4 T, to the drop across the first film resistance 
1 
which is represented by — etc. This equation can be 
h, 
used directly in solving for the temperature drops 
across each of the films, the drop across the fouling 
deposit, etc. 
As an example consider a transfer rate which con- 





Equation (7) 


sists of the following resistances— 
l 1 
H — = 
1 l 1 ] 
i Re + es Pe 
h, ha 


l 














.O1 + .005 + .025 .04 
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If the temperature of one fluid is 400° and the other 
is 300°F. (100 degrees difference) the temperature 
drop across film No. 1 is— 


x 01 
oN eS 6 , me 
100 .04 


and the average temperature in the film is 400 minus 
half of 25 or 387.5°F. In a similar manner the drops 
across the scale and film No. 2 are 12.5 degrees and 
62.5 degrees respectively. The average temperatures 
are 369.75 and 331.25°F. These temperatures are in- 
dicated graphically in Figure 2. 

In the special case in which two of the resistances 
are controlling ones, the average film (or resistance) 
temperature can be described in terms of the high 
and low temperatures, the total temperature differ- 
ence and the transfer rates. For the high tempera- 
ture film— 


Equation (8) 
A a ha 
Average Temp. in hot film=T, — —— XK —— 
2 hzt+h, 
Equation (9) 
A cy hy 
Average Temp. in cold film=T; -+ —— XK —— 
2 he hy 
In which— 


i, — Temp. of hot liquid 
Ts = Temp. of cold liquid 
AT = (Ts—T;:) 
h, = Film coefficient for hot film 
h; = Film coefficient for cold film 


‘In the simple case in which the two film coefficients (or 
resistances) are equal— 
A T 
Average hot film temp. = Ti; — —— 
4 
AT 
Average cold film temp. = Ts; + —— 
4 
Film temperatures are necessary in the determina- 
tion of many film coefficients. The temperature in 
the film is often the reason for the formation of a 
fouling deposit at the surface. The film temperature 
also becomes useful in determining the temperature 
in the metal container wall. The temperature in a 
pipe still tube often becomes so high that the tube 
fails. Phases of this problem will be discussed in a 
subsequent paper. 


REFERENCES 


Partridge & White—‘“The Effect of Boiler Scale,’’ Ind. Eng. Chem 
21:839 (1929). 
Conductivities—Int. Critical Tables Vol. II & V. 
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FIGURE 2 


Temperature in films and in scale. 
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N a previous article the writer discussed some of 

the various phases of stabilization. Tables of 
some of the more important physical properties of 
the natural gas hydrocarbons were given in English 
units. These tables are of direct application to the 
problems of stabilization and the separation of spe- 
cial fractions. (Refiner, May, 1934). ' 

The writer has stressed the importance of uni- 
form plant conditions to efficient fractionation. The 
importance of a steady flow of “raw stock” of un- 
varying composition to the fractionating system can- 
not he overemphasized. 











te undertaking the installation of a frac- 
tionating system it is advisable to make a pains- 
taking survey of plant conditions. If a competent 
natural gasoline plant engineer is not available 
among the plant: personnel, the services of an out- 
side engineer should be obtained and his advice fol- 
lowed. The “raw stock” from many plants may not 





of a 
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be suited to the requirements for the manufacture 
of special products. This condition may either be 
due to improper or improperly controlled equipment, 
or it may be due to deficiencies in the gas supply. 
Most frequently, however, it will be due to improp- 
erly controlled equipment. 

In general it may be said that the oil absorption 
type of plant is best suited for the manufacture of 
special products, such as the “bottled gases’’, pro- 
panes, butanes, pentanes, etc., as the operation is 
more flexible and the system more selective. A plant 
survey should begin at the “casinghead” and end at 
the loading rack. Ojl-gas separators, drip tanks, 
meter installations and the entire gathering system, 
including the “booster” stations should all be ex- 
amined for defects by an experienced engineer. Gas 
comes from the wells at a fairly uniform temperature 
and characteristic uniform composition over a day’s 
period, but by the time it is gathered through all the 
contraptions on its way to the plant proper, the com- 
Position has changed. It would be better from the 
standpoint of plant operation, if the “drips” could be 
‘ed to the plant as produced, but as this is frequently 
Impossible, the alternative is to gather them in and 
leed them to the accumulators as needed. 


July, 1934—A Gulf Publishing Company Publication 
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IL N. BEALL 


Chemical Engineer 


PART Il 


Two requirements common to all efficient frac- 
tionation are (1) uniform product and (2) steady 
and uniform flow. These two requirements should 
always be kept in mind in the general plant survey. 
It is extremely doubtful, even under the best condi- 
tions, that these defects could be entirely remedied, 
yet much could be done. Perfection is seldom attain- 
able or even desirable, yet an effort towards that end 
is well worth while. 

In the case of absorption plants, the absorptive 
qualities of the oil should undergo slight variation, 
and the flow, the temperature and the pressure 
should be maintained constant throughout the ab- 
sorption step. This may be readily done with con- 
trol instruments, many makes of which are now 
available at reasonable cost. In stripping the oil the 
same principles apply, as well as to the condensing, 
separating and accumulating systems. 


BOTTLED GAS 


Natural gasoline is still the predominant product 
of natural gas. Other than natural gasoline the most 
extensive market is for “bottled gas”, which consists 
principally of mixtures of propane and isobutane. In 
Table IX of a previous article (Ref. May, 1934, page 
186), the writer gave the calculated vapor pressures 
of various mixtures of these two compounds from 
temperatures of —20°F. to 110°F. The pressures 
were given for intervals of 10°F. and mixtures of 
zero propane to 100 percent propane for 10, 20, 30 
percent, etc., in pounds per square inch gauge. For 
all the year around conditions in temperate climates, 
it would appear as though a 50-50 mixture of pro- 
pane and isobutane would be desirable. For summer 
operation pure isobutane could be used as it has a 
vapor pressure of 3.5 pounds at 20°F. and at 80°F. 
the vapor pressure is 39.2 pounds per square inch. 
Even at 110°F. the pressure of 70.4 pounds is not 
excessive for the present design cylinder. For cold 
weather where the cylinders are kept outside the 
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buildings, it might become necessary to supply an be present in sufficient quantity for the sample to [M cont 
essentially pure propane in order to assure adequate conform to gravity and distillation tests. How ever, I the | 
flow. With the data available in Table IX a set of most gases which analyze 1.25 g. p. m. by the char. § chan 
curves may be drawn up and the desired product coal test will be capable of reduction to aviation ff of c 
selected from the vapor pressure characteristics gasoline. TI 
using a standard “bottled gas” for comparison. The aviation gasoline column will be operated at § soa 

The temperatures and pressures carried on the col- a pressure of 20 pounds to 70 pounds gauge with a §§ be p 
umns of a stabilization system will naturally vary in condenser temperature of 70°F. to 140°F. and a ket- I bem 
accordance with the composition of the raw stock. A tle temperature of 140°F. to 210°F. The overhead § in a 
typical set of conditions might be about 225 to 275 vapors will be totally condensed, and a portion re. & this 
pounds pressure on the stabilizing column proper turned as reflux. Excess butane and condensates of § mer: 
with a kettle temperature of 350°F. to 400°F. and a__ this high temperature have great potential possibili- J top. 
top temperature of 100°F. to 150°F. The excess con- ties for chemical processing, such as by cracking, ox- Jf plat 
densate from the reflux condenser accumulator tank idation or chlorination. line 
for the stabilizer column would then be sent to the cont 
butane column where pressures of 240 to 280 pounds CONTROLS ulate 
would be maintained with a kettle temperature of Accurate control of temperature, pressure and flow § ing 
200°F. to 250°F. and a top temperature of 90°F. to is of vital significance to the operation of fractiona- Jf stall 
125°F. The reflux condenser temperature will prob- tors and fractionator systems. The raw stocks are [J requ 
ably be held between 70°F. and 100°F. varying in forced to flow through the system by means of stud 
accordance with the raw stock and the pressure pumps, i.e. from a lower to higher pressure or by §§ bet 
maintained on the column. The butane is withdrawn difference in head, i.e. from a higher to a lower pres- visa 
from the base of the column. The excess condensate csyre. Where reciprocating pumps are used, vents atin 


and buffer tanks should be used to smooth out the will 
flow and insure against vapor bind. lf 
tle 1 


from the butane column will then be pumped to the 
propane column where the ethane, methane and a 
part of the propane pass overhead to the fuel line. 


The pressure on the columns is usually controlled 
A mixture of propane and ethane may be used as re- 


by means of back pressure regulators of the balanced § lin 





flux. diaphragm type. Variation in pressure on the sta- § Pro 
The propane column will be operated at pressures  pjlized column between the highs and lows should com 
from 540 to 600 pounds with base temperatures of pot be over one pound. For the high pressure col- sary 
170°F. to 190°F., top of column 70°F. to 90°F. The  umns, ice. liquefied gas, propane and butane varia- will 
propane is withdrawn from the base of the column. tions as high as three pounds would be permissible, atut 
At 68°F. the condensing pressure for ethane is 533 as small fluctuation in pressure in the high pressure the 
pounds gauge. No ethane will condense above 90°F. regions cause but relatively small variations in tem- ot 
unless there is propane or heavier present, and not perature. um 
then if there are appreciable quantities of methane A pumped reflux offers a more flexible arrange- I 
included. ment than straight overhead condensers. The tem- exe 
It is desirable to use a reflux composed principally perature may be controlled more accurately as there pan 
of ethane for a maximum yield of propane as the bot- jg cooling by direct contact between reflux liquid tan 
tom product. Most of the “bottled gases” consist and that of the overhead vapors. All reflux should sep 
essentially of propane. be returned to the top plate of the column. by 
Returning to the source of supply of “raw stock” - 

ne oe from the main accumulator tanks, the pressure of } 

Aviation gasoline is essentially debutanized nat- the liquid will be boosted by means of either a cen- the 
ural gasoline. The light ends of the natural gasoline trifugal or reciprocating pump, forced through heat Tisé 
from the stabilizer proper are removed by the use exchangers, heaters and flow into the stabilizing col- coc 
of a debutanizer column similar to the design used ymn proper at some point approximately midway of cor 
in refinery waste gas recovery systems. The over- the column. The pressure in the discharge line from the 
head cut (condensate) from the aviation gasoline the pump will be regulated by the pressure of the be 
column may be re-blended with the original natural ¢olymn so there is no need for other regulators of ref 
gasoline in case only part of the natural gasoline has the type in the line. A constant flow, however, should not 
been used for this purpose and the product will stand pe assured by means of a sharp edged orifice plate po 
more “light ends” without exceeding the vapor pres- ¢ontrol. Where steam is used for heating after heat sib 
sure specifications. There are also limited markets exchange, the temperature may be regulated by cor- ‘ 
for the butanes as such. trolling the steam pressure or its flow. In case only rer 
All natural gasolines are not suited to the manu- heat exchangers are used, a suitable system of by- by 
facture of aviation gasoline as there is a possibility passing may be worked out with the regulating valve cyl 
that the pentanes and heavier hydrocarbons may not in the by-pass line. In all cases, the temperature mé 
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control element should be immersed in the liquid on 
the feed plate. Compact installations of heaters, ex- 
changers, pumps and lines lend much to the accuracy 
of control. 

The kettle temperature is of extreme importance 
so a sensitive control system for temperature should 
be provided. In this case the main adjustment should 
be made by hand with the automatic regulating valve 
in a small by-pass line for the fine adjustment. In 
this case the temperature element should be im- 
mersed in the kettle liquid. The temperature at the 
top of the column should be regulated from the top 
plate with the regulating valve in the reflux return 
line close up to the column. Here again the “rough” 
control should be established by hand with the reg- 
lator valve on the by-pass as a means of maintain- 
ing fine adjustment. The engineer at the time of in- 
stallation should determine approximately what the 
required temperatures and pressures may be from a 
study of the “raw stocks” and the specifications to 
be met for the products. However, it would be ad- 
visable to select control instruments of as wide oper- 
ating range as the closeness desired in regulation 
will permit. 

If a portion of the stabilized product from the ket- 
tle is to be used for the manufacture of aviation gas- 
oline, the heat exchange will be between the kettle 
product of the aviation gasoline column and the in- 
coming natural gasoline. No pumps should be neces- 
sary. Here again the flow temperature and pressure 
will be regulated as previously described. Temper- 
atures, however, will need finer control as well as 
the pressures, so it is adviseable to use higher grades 
of these instruments. The overhead from this col- 
umn will be totally condensed. 

It will be necessary to boost the pressure on the 
excess reflux condensate which is sent to the pro- 
pane-butane system. If one column is used for bu- 
tane separation, followed by another for propane 
separation, the condensate may be removed as vapor 
by means of a compressor, thus elevating the pres- 
sure to that of the final column. 

Mechanical refrigeration should be provided for 
the propane column, as temperatures may probably 
tise too high during the hot seasons for the plant 
cooling water to effect condensation. As a reflux, 
consisting substantially of ethane, should be used for 
the propane column, the cooling medium should not 
be over 70°F. and preferably much lower. Artificial 
refrigerating systems operate at high efficiency if 
not too severe; a much greater amount of cooling is 
possible for a brine temperature of 50°F. than is pos- 
sible at O°F. 

The finished kettle products should preferably be 
removed from the system to the shipping containers 
by means of liquid level controllers. The loading of 
cylinders constitutes somewhat of a problem. A 
manifold arrangement is used for this purpose and 
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the cylinders are purged of air by the product be- 
fore filling. After purging, it is necessary only that 
the line pressure be above that of the vapor pres- 
sure of the charge in the cylinders. Column pres- 
sure may be used to force the liquid product into 
the cylinders as it is cooled by heat exchange and 
coolers on the way. 

Exhaust steam may be used for the heating med- 
ium at the kettle of the propane columns. Heat ex- 
change may be omitted for the final step as the heat 
saved would not compensate for the added complica- 


tion and expense. 


PENTANES 


There is a limited market for pentanes for use in 
the manufacture of the amyl and isoamyl alcohols 
and other less extensive purposes. For such plants 
the operation would be to remove a cut from the col- 
umn from a plate where the pentanes predominate 
and use this cut in a separate column for the final 
rectification to the desired purity. Such procedure 
would hardly be warranted without the assurance of 
a long-term contract for these products in commer- 
cially appreciable amounts. However, there is a cer- 
tain advantage in the fact that the cut taken out for 
the manufacture of pentanes may be nearly compen- 
sated for in amount by the additional butane which 
may be included which might otherwise go to waste. 


VARIATIONS IN SYSTEM 


Numerous variations may be made in rectifying 
systems for the recovery of special products where 
more than one column is used. Unless markets are 
assured, it is hardly advisable to install an intricate 
and expensive system. Where conditions, at the time 
of installation of the column proper, are not propi- 
tious for the installation of other special columns, it 
may be advisable to make provisions so that such 
apparatus may be added with a minimum outlay and 
loss of time and production. In plants where it is 
anticipated that future conditions would warrant the 
installation of additional columns for separation of 
special products, it might be well to construct the 
stabilizer proper for high pressure operation, say up 
to 600 pounds. Another alternative is to allow for 
the installation of mechanical refrigeration for the re- 
flux condensers. In such cases the stabilizer may be 
used when desired only for the separation of methane 
and ethane as overhead, the propanes and butanes 
going to the base of the column. The propanes and 
butanes may then be separated in another column 
leaving a natural gasoline from the kettle. The over- 
head fraction may then be processed as has previous- 
ly been described with the exception that only one 
column will be required for the separation, as pro- 
pane will be the overhead product and the butane, 
the kettle product. 
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ahem by orifice meter is generally 
not fully understood and, in some instances, 
questioned because the delivery through the meter 
is not directly recorded on a dial or recorder in terms 
of cubic feet. However, the necessity for a series of 
calculations from the record obtained from an orifice 
meter can be attributed to the wide range of capa- 
cities of this type of meter. It is a remarkabte meas- 
uring device, since accurate measurement can be ob- 
tained over a range of from approximately one to 
10,000 by changing orifices. This is comparable to 
measuring ounces of weight on a ton scale or milil- 
ions of cubic feet per hour through a 2000 cubic foot 
capacity positive meter, which is obviously impos- 
sible by any means. But an orifice meter is as ac- 
curate as any other commercial measuring device, 
depending upon attention given the meter as to de- 
tails and care. 

The orifice meter equation for the measurement 
of flow of a fluid at the point of measurement is 
based on fundamental laws of hydraulics proven by 
experiment and practice. The relation between time, 
acceleration due to gravity, cross sectional area of 
the conductor confining the flow and the head or 
pressure causing flow are well established. An orifice 
is placed in the line of flow to exaggerate the head 
or differential across a certain section and the same 
theoretical laws and equations of hydraulics apply. 
A factor is determined correcting for friction, effect 
of the vena contracto, and other deviations from the 
theoretical. For convenience, the orifice meter for- 
mula is separated into two factors. One factor is the 
“coefficient” composed of all the constants controlled 
by the physical set-up of the meter. The other factor 
is the “extension” composed of the variables of pres- 
sure and differential which are proportional to dens- 
ity and velocity respectively. A broad statement is 
that the coefficient establishes the size of some unit 
of measurement and the extension; the number of 
these units. The definition of the quantity in the 
large unit or coefficient is dependent upon a com- 
plete description of the constants to be used by con- 
tract or agreement. That is, the factors controlling 
the coefficient should be specifically defined, whereas 
the extension is a matter of fact and physical meas- 
urement. 


aleculation of Orifice 


Coefficients 


A derivation of the fundamental orifice meter for- 
mula is as follows: 


(1) Q’=A V (fundamental flow formula) 


Q”=Cu. ft. per unit of time, t. 
A = Cross-section area of conductor in sq. ft. 
’ = Linear velocity of flowing fluid, ft. per unit of 
time, t. 
(2) V =V2g¢H (fundamental velocity formula) 


V = Linear velocity of flowing fluid, ft. per sec. 
g = Acceleration due to gravity, ft. per sec. per sec. 
H = Differential in feet head of flowing fluid. 

The actual velocity through an orifice is always 
less than the theoretical velocity. The ratio of the 
actual to the theoretical velocity is the “coefficient of 
velocity,” Cy, or the efficiency. This ratio varies with 
the ratio of diameter of orifice to diameter of pipe, 
location of pressure connections, ratio of differential 
to line pressure, velocity of approach and other fac- 
tors, therefore: 

‘Actual Velocity 
v= 





V 2g¢H with terms as above 
Theoretical Velocity 

(3) or V=C, V2gH 
then substituting in equation (1) 

(4) OQ’=-ACV2gH 

where Q/ is in cubic feet per second 

Q: = 3600 Q’ 

where Q, is in cubic feet per hour 

(5) then Q;= 3600 ACy.. V2gH 


also 


Determination of “A” 











Td’ 
Area of a circle = 7 r* = —— 
4 
T 1 
then A= x 
4 144 
A= Area in Sq. ft. 
d= Diameter of orifice in inches 
1 t 
— = Changing sq. in. to sq. ft. 
144 
Td 
(6) oF A= 
576 


Determination of Coefficient of Velocity, “C.” 

The coefficient of velocity has been determined 
through exhaustive experiments by the American Gas 
Association, U. S. Bureau of Standards, meter manu- 
facturers and other interested organizations. For ordi 
nary commercial measurement, published values are ac- 
curate, providing actual measurement does not appreci- 
ably deviate from assumptions upon which these coeffi- 
cients are based. The coefficient of velocity is the fac- 
tor in the orifice meter formula that corrects for the 
contraction at the vena contracta, effect of velocity of 


280 Refiner & Natural Gasoline Manufacturer—V ol. 13, \°. / 


¥ 


appre 
throu 


of ot 
0.6 a 
ceed 
jishe¢ 
perce 
abov' 
to el 
tions 
with 
acco} 


(7b) 
Th 


r 
vati 
Stat 
(255 
vari 
an 


era} 
app 
ma 
ele) 
00: 
era 
onc 


ed 

flo 
rer 
ity 
oT: 
as: 


of 


so 
te: 


S1¢ 





Ss 


for- 


it of 


yays 
the 
it of 
vith 
ipe, 
tial 


fac- 


Ove 


a | 


approach to the orifice, change in density in passing 
through the orifice, friction and viscosity. If the ratio 
of orifice diameter,to pipe diameter is not more than 
0.6 and the differential in inches of water does not ex- 
ceed twice the pressure in pounds absolute the pub- 
lished values of Cv are correct within less than one 
percent. It is important also to maintain a rate of flow 
above the recommended by the meter manufacturers 
to eliminate effects of viscosity. Under these condi- 
tions, the value of the coefficients of velocity varies 
with the ratio of diameter of orifice to diameter of pipe 
according to the following empirical formulae: 


Pipe or line connections: 2% and 8 diameters 
Diameter of orifice 





i = 
Actual internal diameter of pipe 
(7a) Cy = .58925 + .2725 X — .825X? + 1.75X* 
Flange Connections: 
Diameter of orifice 





- ~ Actual internal diameter of pipe 
(7b) Cy=.606-+ 1.25 (X —.41)? 
Determination of “ V2gH” 
The factors in this formula are V 2gandH 
Value of “V2g”: 

The vaiue of g varies with the latitude and the ele- 
vation at the point of measurement. In the United 
States in locations where orifice meters are used, 
(25° to 49° latitude and 0 to 5000 feet elevation) the 
variation in the value of g is from 32.186 to 32.106 or 


an average value of 32.146. The maximum variation 


in V 2g is therefore from 8.0232 to 8.0132, or an av- 
erage value of 8.0182. In the Mid-Continent area at 
approximately sea level the value of g is approxi- 


mately 32.16 and and V 2g, 8.02. For each 1000 feet 
elevation above sea level, the value of g decreases 
003 feet per second per second. The standard accel- 
eration of gravity is 32.174 feet per second per sec- 
ond. (Sea level at 45° latitude.) 


VALUE OF “H” FOR GAS 


The differential across an orifice is usually record- 
ed in inches of water. The relative density of the 
flowing gas is recorded in pounds and degrees Fah- 
renheit referred to a known standard of specific grav- 
ity, temperature and pressure base. The specific 
gravity base, temperature base and pressure base are 
assumed at a known value in determining the value 
of H so as to obtain a constant, in terms of the 
Square root of the product of pressure in pounds ab- 
solute and the differential in inches of water or in 
terms of what is commonly known as the “exten- 
sion” in orifice meter calculations. 

In the relations of quantity and velocity consid- 
ered so far, the value of ““H” is in terms of feet head 
of flowing fluid, therefore, this term must be reduced 
to inches of water pressure. Assuming air as the 
Standard gas with a specific gravity of 1.00, one foot 
of air at 32° F. and 14.7 pounds is equal to 0.015534 
inches of water at 62 degrees. Then the pressure in 
inches of water of one foot head of gas at any abso- 
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lute pressure, P, any absolute temperature, T, and 
any specific gravity (air=1.00) by Boyle’s and 
Charles Laws is equal to: 


0.015534 x Px G x 492 





14.7 x T 
or one inch of water pressure is equal to 
14.7 x 





feet head of gas 
h ¥14.7 x. 
492 x 0.015534x Px G 


0.015534 P x G x 492 





then H (feet head of gas) = 


ae 





(8) H = 1.9234 


h=Inches of water pressure 

G= Specific gravity (air = 1.00) 

P = Absolute pressure in pounds / sq. in. 
T= Absolute temperature in deg. F. 

Substitution in equation (5) of factors determined in 
(6), (7), (8) and the standard value of acceleration of 
gravity: 

Q.:= 3600 C. A V a" (equation 5) 
ar d? 


where 





Q.= 3600 Ce x —— x V 2x 32.174 x V 1.8234 h T 
a _—__ 
PG 
(9) Q.:= 218.44 C, d’? /h T 
V PG 
where Q.:— Cubic feet of gas per hour at a pressure, P. 
and temperature, T. 
C.= Coefficient of Velocity 
d= Diameter of orifice in inches 
h = Differential in inches of water 
T = Absolute temperature, degrees Fahr. 
P= Absolute pressure, pounds per sq. in. 
G= Specific gravity (air = 1.00) 
218.44 = Constant depending upon units used 





Since the gas must be measured according to 
standards of pressure base and temperature base, 
from Boyle’s and Charles’ Laws: 


Oo Ff tT 
=— x 


Q: PP T 


b 
(10) or O= Qi x 
mT 
where Q= Cu. ft. at P» and Tp 
Q:= Cu. ft. at P & T 
P= Absolute pressure of flowing gas 
T = Absolute temperature of flowing gas 
P, = Pressure base 
Ty = Temperature base 





Direct-reading charts are used on the same type 
of meters as the standard differential-pressure 
charts. The scale of the direct-reading charts is so ar- 
ranged that the differential and pressure record is 
...d at the square root of the actual differential and 
absolute pressure. The only difference in setting or 
checking a meter equipped with this type of chart is 
in setting the pressure pen to read plus atmospheric 
pressure at zero gauge or at the absolute static pres- 
sure on the meter throughout its range. This type of 
chart is of uniform scale for any combination of 
meter ranges, the meter factor adjusting for the dif- 
ferential and pressure range of the meter. In order to 
understand this type of chart and the unit coefficient 
used with it, the scale of the chart and the range of 
the meter must be analyzed. The range of the direct- 
reading chart is from 0 to 10 which is equivalent to 
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0 to 100 on a standard chart. It is obvious that on a 
100-inch and 100-pound meter range, the square root 


of the maximum range or V 100 equals 10 and the 
meter factor for the direct-reading chart of this 
range is 1.000. This relation holds for the whole 
range of the chart. For example, a reading of 50 
inches or 50 pounds on a standard chart of 100 inches 
and 100 pounds range will read VW 50 or 1.07 on a 
direct-reading chart. A meter with a range of 50 
inches differential and 500 pounds pressure would 
have a meter factor of 1.581. This meter factor is 
obtained as follows: The maximum differential range 
is 50 inches, which is equivalent to 10 on the direct- 
reading chart or V 50 must equal 10. However, 10 
equals \/ 100, so we must multiply the direct-read- 
ing chart by VY 0.5 so that Y 100 vy 0.5 is equiv- 
alent to \/ 50. For the same reason, the maximum 


pressure range of 500 pounds is equivalent to 


V 100 VY 5 at the maximum direct-reading chart 
range of 10. Therefore when the direct-reading chart 
is read and the product of the square root of the dif- 
ferential and pressure obtained as an extension, these 
values must be multiplied by V 0.5 and V 5 or 
VhxX Vy 05 & (Vv P™X y'5) is the correct ex- 
tension. Thus, the product of the differential and 
pressure from the direct-reading chart values must 
x< 5or Y 2.5, which equals 
1.581° on the 50-inch and 500-pound meter. Since the 


be multiplied by VY 0.5 


delivery is the product of the extension, meter factor 
and coefficient and the meter factor and coefficient 
are constant for any one meter, they are combined 
into one factor called the unit coefficient and the de- 
livery is then the product of the direct- reading chart 
extension and the unit coefficient or the unit air co- 
efficient is: 


fon - M oe 
where Ca. = Meter factor 
C, = Air or Basic Coefficient 


SAMPLE CALCULATION OF COEFFICIENTS— 
STANDARD CHART COEFFICIENT 


Conditions: 
Line tap—2™% and 8 diameters. 
Size orifice, d = 2.502 inches 
Size line D = 6.065 inches 
Pressure base, Py = 16.4 lb. abs. 
Temp. base, Tp = 520 deg. abs. 
Flowing temp. T, = 50 deg. = 510 deg. abs. 
Spec. grav. G=.70 
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2.502 
Ratio X =——= .4125 
6.065 
2 


>, = .58925 + (.2725 & .4125) — (.825 & .4125) 
3 


+ (1.75 X .4125) 
Cy = 68411 
Substituting in basic hourly coefficient (equation (13)) 
Co Soe te € 
2 
Ci. = 345.92 X 68411 X 





2.502 
C, = 1481.4 


This coefficient, Ca, is now the coefficient of a 2.502-inch 
orifice in a 6.065-inch line, Ps, 14.4 pounds, temperature 
base 520° flowing temperature of 510° and specific gravity 
1.00, 





1 

Fr = — 1.1952 
v.70 
14.4 

Fn, = —— = 0.8780 
16.4 

F, = / 520 = 1.0098 

Vv 510 


Therefore, the hourly coefficient for the above given 
condition is: 
°s = 1481.4 X 1.1952 & .8780 * 1.0098 
Ce = 1569.8 
This coefficient, 1569.8, can now be multiplied by the 
total hourly extension obtained from an extension book. 


UNIT COEFFICIENT 

Conditions: 

Same as above with 50-inch and 500-pound meter using 
direct-reading charts, 

Cc. = 14614 

M =1.581 

Cau. = 1481.4 X 1.581 = 2342.1 

Cy = 2342.1 & 1.1952 & .8780 * 1.0098 

Cy. = 2481.8— Unit Hourly Coefficient. 

This coefficient can now be multiplied by the total of 
the products of the differential and pressure readings 
taken from the direct-reading charts without the use of 
extension books. 

In calculating coefficients, the actual dimensions of 
the meter run and orifice should be used since these 
two dimensions control the coefficient. The use of the 
correct measurement bases, of course, also affect the 
coefficient and must conform to contract, agreement 
or common practice. In checking line balances, the 
same measurement bases should obviously be used at 
all points of measurement to obtain a comprehensive 
result. The use of correct dimensions and factors and 
careful operation of orifice meters will result im 
measurement comparable in accuracy to any commet- 
cial measuring device in common use with a mint- 
mum of operating expense and a wide range of ca 
pacity. 
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ENDURO 
44% CHROMIUM 


Jse where somewhat 
greater resistance to 
corrosion and oxida- 
tion than obtainable 
with mild steel is 
required. Oxidation- 
esistanceto 1100°F, 


ENDURO 
AA 


Use where corro- 
sion-resistance is 
More important than 
high strength or 
toughness. Oxida- 
ion-resistance to 
1600° F, 


eae 
‘ 







REPUBLIC’S PERFECTED STAINLESS 
AND HEAT-RESISTING STEELS 


Uneed eeder r Chemical 
lation Patents Nos, 
1316817 and 1339378, 


N 148 


ENDURO, Republic’s Perfected Stain- 


@ There are now available grades of 









less and Heat-Resisting Steels, to meet 
practically any condition encountered 
in refinery service where oxidation must 
be minimized and where strength must 
be maintained at high temperatures over 
long periods. The various types cover 
Py an operating temperature range between 
1100° to above 2100°, and permit a 
selection of the grade most economical 
for the service in which it is to be used. 

All of these steels with the exception 
of the 4-6 Chromium alloys are in the 


stainless family. All show marked ad- 
vantages over ordinary steel for such 
classes of service as still tubes; condenser 
tubes; hot oil and vapor lines; preheaters 
and other heat transfer equipment; bub- 
ble caps, trays and plates; tube supports, 
hangers and plates; pump parts, fittings 
and valves. 

Republic has amassed a wealth of infor- 
mation on the use of ENDURO 
in refinery equipment. This 
data is at your disposal if you 
will outline your problem to us. 
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ENDURO 
18-8-B 


Use where high cor- 
rosion-resistance, 
combined with ex- 
cellent ductility and 
drawing qualities, 
are desired. Similar 
to “18-8” but with 
added silicon. Ox- 
idation-resistance to 
1800° F, 


ENDURO 
HCN 


Use where corro- 
sion-resistance and 
high strength and 
toughness are re- 
quired. Oxidation- 
esistance to 2000°F, 





























ENDURO 
HC 


Use where great 
strength and tough- 
mess are secondary 
to resistance to sul- 
phur and sulphur 
gases. Hot or cold. 
Oxidation-resistance 
to 2100° F. 


> 


ENDURO 
NC-3 


| Use for applications § 


requiring highest 
strength and oxida- 
tion-resistance at 
highest temperatures 
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SCIENCE AND TECHNOLOGY 


Abstracts prepared in co-operation with the 





REFINER AND NATURAL GASOLINE MANUFACTURER 


by 
THE LESLIE LABORATORIES 
Traver Road, Ann Arbor, Mich. 
under the supervision of 


DR. E. H. LESLIE and DR. H. B. COATS 


———., 








The abstracts here presented are selected from the current literature of science and technology to afford 
reference to fundamental information not easily available to all readers. Abstracts t articles appearing 
in readily obtainable trade journals are not included. 


Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. Complete or 
limited bibliographies covering special topics by title, by abstract, or in complete manuscript, will also be 
prepared and furnished at reasonable cost by the Laboratories. 





Fundamental Physical Data 


Thermal Properties of Hydrocarbons 
Under Pressure I. Pentane and a 
Paraffinic Naphtha. E. C. Patree Anp 
G. G. Brown. Ind. Eng. Chem. 26 (1934) 
pp. 511-15. 

Experimental data are reported on 
the Joule-Thomson coefficient and 
total heat for enthalpy at high pres- 
sures for pentane and a _ painter’s 
naphtha. The apparatus used, as well 
as the method, are described in some 
detail and the data are presented in 
tabular and graphical form. The Joule- 
Thomson effect can be computed in 
the case of pure compounds, but with 
solutions of hydrocarbons assumed 
equivalent to pure compounds relative- 
ly large errors may be made. The ef- 
fect of pressure on enthalpy is much 
less than the effect of temperature. 
For most engineering requirements 
solutions can be assumed to be equiva- 
lent to substances. However, the effect 
of pressure cannot be neglected. 


Vapor-Liquid Equilibrium of Hydro- 
carbon Mixtures. H. A. Beatty ANp G. 
CALINGAERT. Ind. Eng. Chem. 26 (1934) 
pp. 504-510. 

The authors present an isothermal 
method for determining the ideality of 
a binary solution by means of a series 
of measurements of the total vapor 
pressure. The results obtained for eight 
hydrocarbon systems are compared 
with data from the literature. The ef- 
fect of a small deviation from ideality 
upon the number of theoretical plates 
required to effect a given fractiona- 
tion is calculated for three systems. 


Experiments on the Determination 
of Heat of Cracking. N. A. BurKov 
AND O. M. CHECHKINA. WNeftyanoe 
Khozyaistvo, 25 (1933) pp. 92-3. 
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A Baku distillate 
cracked in an apparatus constructed by 
the authors. The heat input required 
from a temperature of 20°C. was 941- 
944 calories per kilogram when the 
cracking was effected at 625°C., 1052- 
1095 calories when the cracking was 
done at 675°C., and 1284-1337 calories 
when the cracking was done at 725°C. 


kerosene was 


The Miscibility of Methyl Alcohol 


With Petrol and Benzene. F. M. E. 
SHEPHERD. Jour. Inst. Pet. Tech. 20 
(1934) pp. 294-307. 

Industrial success in the manufac- 


ture of synthetic methyl alcohol has 
raised the question of the utilization of 
this substance as a motor fuel. On ac- 
count of its low calorific value it is 
not entirely suitable for use in the 
pure state, but its high latent heat of 
vaporization and good anti-knock prop- 
erties suggest that it may have consid- 
erable value as a component of a mixed 
motor fuel. Data on the miscibility of 
methyl alcohol with gasoline and 
benzol are therefore of possible com- 
mercial importance. The system methyl 
alcohol—gasoline—benzene is treated 
as a three component system, although 
it is actually a four component system, 
being the fourth component. 
data are also presented on a 


water 
Some 
system containing acetone, 
substance serves to increase the solu- 
bility of methyl alcohol 
Investigation shows that the limits of 
compiete miscibility of methyl alcohol 
gasoline and 


since this 


in gasoline. 


with gasoline or with 
benzene are smaller than the corre- 
sponding limits obtained with ethyl 
alcohol. The addition of benzol greatly 
increases the mutual solubility, but if 
the fuel contains considerable propor- 
tions of benzol, separation of the solid 
phase occurs at low temperatures. 


The Miscibility of Petrol and Some 
of Its Components With Aliphatic 
Alcohols of Various Strengths. W. R 


Ormanpy, T. W. M. Ponp anp W.R 
Davies. Jour. Inst. Pet. Tech: 20 (1934) 
pp. 308-38. 


In Part I of the paper the limits of 


miscibility of seven alcohols, namely 
ethyl, propyl and butyl and_ their 
isomers, each with toluene, benzene, 


gasoline, heptane and cyclo hexane, for 
ranges between 95 percent and 10 per- 
cent of the hydrocarbons by weight, 
are given in tabular form and expressed 
as curves. The experimental methods 
used in obtaining the data are de- 
scribed in detail. The effect of temper- 
ature is also discussed. In the second 
part of the paper the data are ampli 
fied in the range 95 percent to 75 per 
cent hydrocarbon, as this is the prac: 
tical working range of composition for 
commercial motor alcohol _ blends 
Some additional components, 
example acetone, are also considered 
The miscibility is expressed as wate! 
tolerance in cubic centimeters per gal 
lon, water being given as such instead 
of being included in the alcohol. 


as for 


Phase-Boundary Potentials of Mono- 
layers of Fatty Acids on Metals. L. 
Jacoss. Trans. Faraday Soc. 30 (19%) 
pp. 303-10. 

The adsorption of fatty 
metal surfaces can be followed by 
measuring phase-boundary potential. I 
is possible to obtain uniform spreading 
from a solvent on a dry metallic sit 
face. When myristic acid was used 
evidence was had of different two-dt 
mensional phases as the surface com 
centration is increased. The study ® 
of some importance in connection with 
lubricants containing fatty acids. 


acids Dy 
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Florez * Holmes-Manley e 
Tube and Tank Cracking 
Processes and Combination 
Cracking Units. 
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225 Broadway * New York 
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A TYPE OF STORAGE TANK 


to meet every evaporation problem 









Internal Pressure of 10 
to 20 Lbs. for 
Today’s ‘Super -Fuels’’ 


ATURAL gasolines and many of 

the “super-fuels” commonly used 
today, boil at ordinary temperatures. 
Obviously this means tremendous evapo- 
ration loss, if such a product is stored in 
ordinary “gas-tight” cone roofed tanks. 

The unique shape of the Hortonspheroid enables 
this storage unit to be built for pressures of 10 to 20 
Ibs. at reasonable cost per bbl. Experience has dem- 
onstrated that such pressures are adequate to stop 
evaporation loss on many of the products referred to 
above over a wide range of temperature. The accom- 
panying table shows the internal pressures in a typi- 
cal tank of casinghead gasoline at ordinary summer 
temperatures. It will be noted that in this case, a pres- 
sure of 15 Ibs. would stop practically all loss. 

With gasoline stored in a Hortonspheroid, no 
breathing loss can occur unless the internal pressure 
rises above that for which the relief valve has been 
set. Except for an unusually hot day, now and then, 
this will not occur. Filling and emptying losses are 
greatly reduced, after the first filling. Thereafter, the 
vapor space is kept filled by evaporation from the 
liquid as the contents are withdrawn, and in filling, 
vapor condenses to keep the vapor pressure constant. 
This assumes ideal conditions, but for many products, 
these conditions are realized over a fairly wide tem- 
perature range. 

The Hortonspheroid is built in sizes of 2,500 to 
80,000 bbl. It offers the ideal means of stopping evap- 
oration loss on volatile products at the refinery, pipe 
line station terminal, marine terminal or distributing 
center. Ask for our booklet describing this, or send us 
the characteristics of the product and the amount 
stored, and we will gladly submit cost estimates. 


The 
spheroids (at the top) 


two Horton- 
have a _ capacity of 
20,000 bbl. each and 
are designed for 10 
lb. per sq. in. The 
5,000 - bbl. Horton- 
sphere (above) oper- 
ates at 30 Ib. pressure. 





PRESS. 
RANGE 
(Lbs. per 
Sq. In.) 
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For products that re- 
quire only 5-10 Ibs. 
pressure, we build Ra- 
dial cone tanks. Where 
no pressure at all is 
needed, we equip or- 
dinary tanks with Wig- 
gins Pontoon or Wig- 
gins Breather Roofs. 


CHICAGO BRIDGE & IRON WORKS 


Es orks 2s usb dé ob E% 3599 Bast Wide: ‘Geowdieed. ............% 2234 Rockefeller Bldg. 
NES Sica 4 BER Care o's meee ad 2919 Main Street OT errr 3302-165 Broadway Bldg. 
| ES ee 1626 Thompson Bidg. Philadelphia. . 1608-41700” Walnut Street Bldg. 
Birmingham............. 1548 Fiftieth St., N. RS: 354.4, 4 Ga6 a7 1529 Consolidated Gas Bldg. 
Chicago............... 2463 Old Colony Bldg. Te ee 1051 Rialto Bldg. 
I tig Sod ae oa a 1520 Lafayette Bldg. RTI, os gn 400. 305-010 1334 Wm. Fox Bldg. 


Plants in Chicago, Birmingham, and Greenville, Pa. 
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Chemical Composition «nd 


Reactions 
A New Laboratory Method for the 
Preparation of Pure Ethylene andj 


Propylene. P. K. Saxmin. Ber. 678 
(1934) pp. 392-3. 

The author has greatly simplified 
the Ipatiev method for the prepara. 
tion of ethylene from ethyl alcohol 
The apparatus comprises a copper tube, 
the heated portion of which is filled 
with small pieces of unglazed clay 
plate. If the outside temperature oj 
the tube is kept at approximately 
400°C. by means of # rheostat and 
alcohol is dropped in at the rate of 1 to 
2 drops per second, 20 liters of ethyl- 
ene can be produced per hour and 1000 
liters of 96-98% ethylene ‘can be ob.- 
tained without decrease in the activity 
of the catalyst. Propylene can be made 
in a similar manner from propy] alco- 
hol if the temperature is held at ap- 
proximately 350°C. 


Pyrolysis of the Lower Paraffins. V. 
Conversion of the Gaseous Paraffins to 
Aromatics in Baffled Metal Tubes and 
the Chemical Composition of the Prod- 
ucts. ADRIEN CAMBRON AND Coun H. 
Baytey. Can. J. Research 10 (1934) pp. 
145-63. 

The thermal conversion of propane 
to aromatic compounds has 
studied by passing the gas through 
baffled chrome nickel steel tubes. The 
conversion is much higher when the 
flow is turbulent and high conversions 
can be secured at temperatures as low 
as 800-810°C. Alloy steel tubes con- 
taining 29% chromium and only a trace 
of nickel yield simiiar results, but 
there is much less carbon deposition. 
A yield of 23.3 pounds of light oil per 
1000 cubic feet of propane process was 
obtained at 800°, together with 10 
pounds of liquid boiling above 200°C 
The liquids secured were analyzed by 
fractionation and 
The light oil was found to 
about 64% benzene, 14% 
7.8% styrene and small amounts of 
cyclopentadiene, xylenes and_ higher 
aromatic substances. The liquid boil- 
ing above 200°C. contains 25% naph- 
thalene and 12.5% anthracene, together 
with higher molecular weight poly 
cyclic aromatics. 


been 


methods 
contain 


chemical 


toluene, 


Oxidation of Hydrocarbons in Rela 
tion to Detonation in Explosion 
Motors. G. Rosertt. Gazzetta, 63 (1933) 
pp. 872-877. 

The combustion of benzene in ad 
mixture with air in the presence ° 
active carbon, of carbon prepared from 
graphitic acid and from carbonisatiot 
of a heavy oil, and of the residue 0 
incomplete combustion of oil, was 
studied. The results indicate that the 
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Fun~—and Profit 


Motorists buy gasoline either for fun or 
for business They want instant starting, 
flashing pick-up—no knocking, no trouble 


Dubbscracked gasoline gives them all 
that—and more miles per gallon besides 


Industrial users never buy fuel oil for 
fun—always for business It’s all dollars 
and cents with them 


Yet they pay a premium for Dubbs- 
cracked fuel oil—they never get enough 


More heat units per barrel than ordi- 
nary fuel oil—that’s why 


That means more heat units per dol- 
lar because they pay for it by the barrel 


“WA Dubbs Cracking Process 
Owner and Licensor 


Universal Oil Products Co (4% 
Chicago Illinois @ 








of an engine may catalyse the loy 
temperature oxidation of the fuel with 
production of peroxides and the induc. 
ing of detonation. The effect is the 
more notable because of the high tem. 
perature of the surface of the deposits 
as compared with that of a bare cyl. 
inder wall, which high temperature js 
occasioned by the low thermal cop. 
ductivity of the deposits. 


carbon deposit on the cylinder walls \ 


Manufacture: 


Processes and Plant 


Chemical Engineering Assets and 
Liabilities. J. H. Perry. Chem. & Met 
Eng. 41 (1934) pp. 226-9. 

This is the lead article of a series of 
articles written for the purpose of strik- 





ing a technical balance sheet of chem- 
ical engineering. The individual unit _ 
operation and processes have been Wo 


audited and are reported in _ balance 
sheet form by authors who were asso- 
ciated with Dr. Perry in the prepara- fo 
tion of the Chemical Engineer’s Hand- 
book. Practically the entire issue of the 
journal is taken up with the series of 
articles covering such subjects as ad- 
sorption, crystallization, distillation, 
drying, evaporation, filtration, fluid 
flow, gas absorption, heat transfer, high 
pressure operation, material handling, 
mixing, refrigeration, screening, set- 
tling, sublimation, and various organic 
unit processes such as esterification, 
oxidation, and sulfonation. 


mei 





Pressure Drop in Bubble-Cap Col- 


umns. M. C. Rocers anp E. W. THIELE 
Ind. Eng. Chem. 26 (1934) pp. 524-28. 


Experiments were made with bubble- 
caps having a single triangular or rec- 
tangular slot, and bubbling air, hydro- 
gen and carbon dioxide through water 
or naphtha. Some work was done ona 
complete bubble-cap. A method is pre- 
sented for computing the flow of vapor 
through bubble-cap slots and for cal- 
culating the extent to which the slots 
are occupied by vapor. The other ele- 
ments in causing pressure drop are also 


. 
t 
r 














considered. It was found that the fric- 
tion loss through the chimney up-take 
and the space under the cap was neg- 
ligible. The pressure drop through the 
slot opening can be expressed by 4 = 
formula developed from theoretical 
considerations and using an orifice 
constant of 0.51. The static head over 
the slot tends to be a maximum at z¢f0 
vapor flow, and if the overflow wel 
is located near the bubble-cap_ the 
static head may decrease markedly 
with increased vapor flow. The data 
suggests the method to be f llowed a 
in designing bubble-cap trays having chicas 
low pressure drop. 
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@ stream line flow 
@ valves accessible from above 
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Diffusion of Vapors into Air Streams, 


E. R. Griuiranp AND T. K. SHErwogp, 
Ind. Eng. Chem. 26 (1934) pp. 516-23, 
The authors describe the result of g 
study of the rate of vaporization of 
nine different liquids into a moving air 
stream. Vaporization rather than ab. 
sorption was employed in order to 
simplify the experimental technique ' 
and make possible the study of diffy. 
sion of a number of different vapors, 
From the results secured it is possible 
to compare the rates of diffusion of 
the different vapors through gas films 
under identical conditions of tempera. 
ture, pressure, driving force and air 
turbulence. The diffusional resistance 
to vaporization is expressed in terms 
of the effective film thickness X, the 
thickness of a stagnant gas layer that 
would offer the same resistance to dif- 
fusion as is actually encountered. The 
results obtained are well correlated by 
a dimensionless equation. Tests were 
made over a range of total pressure 
from 110 to 2330 millimeters of mer- 
cury and the data were found to sub- 
stantiate the applicability of the Stefan 
equation to diffusion through surface 
film. The results are compared with 
the Colburn and the Arnold theories. 
Data obtained on viscous flow are cor- 
related in a manner similar to that { 
used in heat transmission based on the 
Graetz theoretical equation. The data 
are presented in tabular and graphical 
form and a bibliography of twelve ref- 
erences is appended. 








Tower Absorption Coefficients V. 
Determination and Effect of Free Vol- 
ume. C. W. Simmons AND H. B. Os 
RORN, Jr. Ind. Eng. Chem. 26 (1934) pp. 
529-31. 

This is the fifth in a series of papers 
on gas absorption and is concerned 
with the effect of extractor or solvent 





rate on the free volume of the absorp- 
tion system. It was found that the free 
volume is an inverse function of the 
extractor rate and that this function 
is independent of the type of filler, 











tower size, or gas velocity. The tree 





volume variation, however, is depent- 
“« « . ££. ss = SS 8S Sh 6S US hme CU ent upon the physical properties of the 
particular solvent. The use of a com 







ties 


Cracking Units produce high-quality distillates most eco- 


n~ a 
foment nomically, efficiently and safely when lime, of the proper as veer iree meee andes al ine 
amu | quality, is added to the charging stock entering the still. conditions is shown to be err. 

Oyster Shel | Our 24-page booklet ''Pioneer Lime—A Contribution to in calculations involving iid a 

Fr] hi to Oil Refining Efficiency” explains how lime functions to 2 operation of absorption systems. 13 
prevent corrosion; facilitate coke removal, and promote use of an operating free volume ™ 
"B. S."" separation, and why Pioneer Oyster-Shell Lime . the Bennetch and Simmons equation 
is especially adapted to these operations. A copy is ™~ gives absorption coefficients whic 

Stensiantins te. yours on request. a vary linearly with extractor rates. 


way to prosperity 
Research Developments in the Refit- 
» » » |HEHADEN LiMg LOMP ing of Penaoyivanie Petroleum. I.E 
wSK Bull. 
MFRS. OF PIONEER OYSTER SHELL LIMB Fenske. Penn. State Coll. Bul 


(1933) p. 9. 
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tess ' A Cable Encyclopedia 

mer: Information which has never before 
> sub- been conveniently accessible is now 
Stefan available within a single cover. Ma- 
urface terial hitherto unpublished is contained 
dove in this book. Other subject matter 
— includes the substance of articles on 
: ro cable that have appeared in technical 
ne ‘the papers — condensed, rearranged, and 
e data well indexed. Useful data have been 
phical put into easy-to-understand chart and 
ve ref- table form. 

Those Who Can Use This Book 
ts V. 3 , ; 
i Cable engineers, electrical engineers 
— in industrial plants, consulting engi- 
34) pp neers, architects, contractors —all will 

| find How to Select Insulated Cable of 
paper exceptional value. 
oiaeid This publication will be sent without 
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ROTO TUBE CLEANERS 
built for Oil Still Tubes, 3” I.D. and up 






Roto Combination Head and 
Universal Joint. 





Roto Special 6-way Drill Head and 
Universal Joint. 








THE ROTO COMPANY 


Sussex Avenue and Newark St., Newark, N. J. 
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your 
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CF = 
Duplex Vacuum Relief Valves 


In case of line stoppage or other 
causes that result in the pulling of 
a Vacuum. in storage tanks and 
purifiers, this Regulator comes 
quickly to the rescue. It is placed 
in a line between suction and dis- 
charge of compressor so_ that, 
should the pressure in the suction 
line to the compressor drop to zero, 


the Relief Valve will open and re- 





Protec- 
tion for 
your 
Meters 





lieve the vacuum tendency. For a 
vacuum of 8 oz. or less, use the 
Duplex Regulator shown above. For 
higher vacuums use the single 
diaphragm Vacuum Relief. Action’ 
is reliable. Thousands of meters 
and tanks have the constant pro- 
tection which this C-F offers you. 


Data upon request. 


The Chaplin-Fulton Mfg. Company 


28-40 Penn Ave. 


WESTCOTT & GREIS, Inc., 
Sales and Service 
Dallas — Tulsa 


Representatives: 
Cc. H. COLLINS 
628 Dwight Bidg., 
Kansas City, Mo. 

Or Any Jobber 


Pittsburgh, Pa. 


HIMELBLAU, AGAZIM & CO. 
228 N. La Salle St. 
Chicago, II. 
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with viscosity, gravity, boiling-point 
and optical indexes. These indexes are 
used in connection with studies of the 
solvent extraction of lubricating oils, 
Eighty different solvents are being ip. 
vestigated with reference to their ae. 
tion on Pennsylvania neutral oil and 
bright stock. It has been found that 
the effects of a given solvent are dif. 
ferent on these two oils and that the 
suitability of the solvent depends op 
the oil to be treated and on the degree 
of improvement required. Large jp. 
creases in viscosity index are possible 
with the lighter oils. Costs of solvent 
extraction procedure are _ discussed 
briefly but the research has not pro- 
ceeded to such a stage that detailed 
discussion and comparison of costs js 
possible. 


Extraction of Wax Residues. R. 
Fussteic. Erdol u. Teer, 10 (1934) pp. 
68-70. 

A small percentage of wax is lost by 
adsorption in earth during bleaching. 
The Merz extraction apparatus for re- 
covery of this loss is described. The 
method is criticized because of the 
large loss of spirit and the extraction 
of resinous compounds. An improve- 
ment is the use of warm kerosene to 
effect solution and the pressing of the 
chilled paraffin solution. Proceeding 
in this manner, tarry substances remain 
adsorbed on the earth. A modification 
of the usual batch process to a contin- 
uous process is described. Operated in 
accordance with the author’s procedure 
it is claimed that only 0.2% of wax 
remains in the earth. 


Paint Driers from Naphthenic Acids. 
Anon. Chem. Trade J. 94 (1934) p. 144. 

The manufacture of paint driers from 
naphthenic acids in the form of the 
soaps of cobalt, manganese, lead and 
calcium has been studied. The methods 
of preparation used were similar to 
those used in making the precipitated 
linoleates and resinates. The fusion 
method of preparation may result in 
losses as high as 30% on account of 
decomposition of the naphthenates. 
The metallic naphthenates are in no 
way inferior to the resinates or lino- 
leates as regards speed of drying. 


Products: 
Properties and Utilization 


Peroxides in Gasoline. J. C. Morrell, 
C. G. Dryer, C. D. Lowry, Jr, Anp G 
Ectorr. Ind. Eng. Chem. 26 (1934) PP. 
497-503. 

Peroxides were formed in controlled 
amounts in four representative cracked 
gasolines, two treated and two wt 
treated. The peroxides were removed 
from one portion of each oxidized gas 
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oline by percolation through Fuller’s 
earth. Comparisons were then made 
of octane number, gum content, and 
induction period of the original, per- 
oxidized, and regenerated gasolines 
both with and without inhibitors. As 
peroxides increase, copper dish gum, 
whether measured with or without an 
inhibitor, increases, and octane number 
and induction period are reduced. Re- 
moval of peroxide results in an in- 
crease in induction period, both with 
and without anxinhibitor. To secure a 
given induction period more inhibitor 
is necessary when peroxides are pres- 


ent than when the are not present, and 
an excessive amount of peroxide will 
negative the influence of the inhibitor. 
Removal of peroxide does not greatly 
affect copper dish gum except when 
an inhibitor is used, in which case the 
inhibitor reduces the copper dish gum. 
Data are presented in tabular and curve 
form, and a bibliography of twenty-six 
references is appended. 


Gasoline Inhibitors. G. Ectorr, J. C. 
Mowe LL, C. D. Lowry anp C. G. DrYEr. 
Proc. World Petre. Congr., 2 (1933) 
p. 50. 
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‘“It’s the Best Sheet Packing 


for extreme pressures and 
high temperatures!”’ 


That's the way refinery engineers feel about GARLOCK 702! 
High Pressure Compressed Asbestos Sheet Packing. 





Garlock 7021 was specially developed for severe service 
against oil at extreme pressures and temperatures. It has estab- 
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now! 
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The authors discuss the action of 
inhibitors in preventing deterioration 
of treated or untreated gasoline during 
storage. Comparison is made of varioys 
organic inhibitors, including those cop. 
taining hydroxyl groups, aromatic hy- 
droxyl compounds, amino- and nitro. 
phenols. The inhibiting action of yarj. 
ous other types of organic compounds 
was determined, using a Pennsylvania 
cracked gasoline. Storage and bomb 
tests are described. Inhibiting action 
is correlated with oxidation—reduction 
potential. The effect of peroxide for. 
mation on inhibitors is discussed. 


Knocking Characteristics of Aro. 
matic Hydrocarbons. W. G. Lovett, J, 
M. CAMPBELL, F. K. SIGNAIGA, AND T, A, 
Boyp. Ind. Eng. Chem. 26 (1934) pp. 
475-79. 

Previous publications from the Gen- 
eral Motors Research Laboratory have 
covered the knocking characteristics 
of over one hundred paraffin, olefin 
and naphthene hydrocarbons. The pres- 
ent paper continues this work and is 
concerned with knocking behavior of 
the aromatic hydrocarbons. Previous 
work on this subject is reviewed. 
Knocking tendencies are evaluated in 
terms of the aniline equivalent. The 
results are presented in tabular and 
chart form and are discussed in rela- 
tion to molecular structure and engine 
testing methods. Up to normal propyl 
benzene there is a progressive increase 
in aniline equivalent with increasing 
length of side chain. Further increase 
in length of side chain results in pro- 
gressive lowering of aniline equivalent. 
Successive additions of methyl groups 
to benzene results in progressive in- 
crease in aniline equivalent. Position 
isomerism is of. considerable impor- 
tance. Branching of side chains con- 
taining more than three carbon atoms 
results in appreciable increase in ani- 
line equivalent. Also, in general, the 
more symmetrical and centralized the 
molecules, the higher the aniline equiv- 
alent. The effect of unsaturation in the 
side chain is discussed. A bibliography 
of nineteen references is appended. 


Effects of Using High Anti-Knock 
Fuels in Motors. BoNNrIER AND MoyNot. 
Compt. rend. 197 (1933) pp. 1388-1390. 

Experiments were made with a C. F. 
R. motor, operating at 600 r.p.m. and 
150°C., using various fuel mixtures con- 
taining varying proportions of tetra- 
ethyl lead, benzol, or ethyl alcohol. 
Compression ratios from 3.5 to 70 
were studied. It was shown that when 
knocking is audible the temperature of 
the exhaust gases increases with the 
antiknock value of the fuel to a greater 
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WHY A “TOLEDO” No. 1-2-4 PIPE MACHINE 


SPEED—4” pipe cut off in 9 seconds, threaded in 42 seconds. Other sizes in proportion. 
Controls in easy reach of right hand. Gears shifted quickly. Instant die change. 


STRENGTH and SAFETY—AII steel construction — greater strength — minimum weight. 
Steel gears run in oil. Safety friction gear. Chuck wrench ejector fingers. Full guarded 


PRODUCTION—Even inexperienced operators can secure high production. Simple and easy 
to operate. Electrical reverse. Regarded as the fastest most efficient 1” to 4” Pipe Machine 


Complete broadside and price sent on request. 





OWNERS SAY: 


“We turn out 62 pieces of sketch work 
per day with the No. 1-2-4.” 


*150 2” nipples and 90 4” nipples per 
8 hour shift. She’s a wonder.” 


“In 8 hours our shop man cut, threaded, 
reamed 4” pipe and made up fittings 
on one end at an average per hour of 
32 threads.” 


“In our 30 years pipe fabricating experi- 
ence, have not found its equal for gen- 


eral shop use.” 


Names on Request. 





















pa THE TOLEDO PIPE THREADING MACHINE CO., TOLEDO, OHIO 
ars NEW YORK OFFICE, 72 LAFAYETTE ST. 

gine 

opyl 

ease 

sing 

“| |The Secret of 

lent. 


tion 
por- 


ani- 
the 


te under low pressures. 


= THE MARLEY COMPANY, Kansas City, Mo. 


phy 


ock 








July, 1934—A Gulf Publishing Company Publication 


i Cooling Efficiency 


‘on- HE smaller the water particles the cooler the water. Marley 
oms patented spray nozzles produce a finer, more uniform spray, 
permit greater contact between air and water and operate efficiently 
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extent when the compression ratio is 
high. When there is no knock the tem- 
perature of the exhaust gases is ap- 
proximately constant, but decreased 
with increased compression ratio to 
a greater extent the lower the anti- 
knock valve of the fuel. 


Carbon-Forming Tendencies of Lu- 
bricating Oils. W. A. Gruse. Proc. 
World Petro. Congr. 2 (1933) p. 441. 

The causes of carbon deposits in 
internal combustion engines are re- 
viewed. Carbon formation is independ- 
ent of the fuel 


unless this contains 


considerable gum, and therefore the 
bulk of the coke is derived from the 
lubricating oil, together with dust. Car- 
bon formation may be caused by (a) 
slow oxidation of crankcase oil to 
resins and asphaltenes; (b) low-temp- 
erature coking of these products in 
piston ring grooves and on the piston; 
(c) rapid cracking of these products 
and of unvolatilised oil on the surfaces 
of the combustion chamber. A review 
of published information on oxidation 
shows that views are conflicting, al- 
though it is logical to expect that easy 
oxidation would cause a tendency to 
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Because it is built for the job it has to do, a LaBour 
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Our long experience in the process industries and our 
unequalled manufacturing facilities enable us to render 
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determined specifications wherever necessary in your plant. 
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carbon formation. Carefully contr 5lled 
coking tests indicate that there is g 
correlation between the Conradson 
carbon resiglue value and the carbon 
formation per unit volume of oi! con- 
sumed. Volatility tests indicate that the 
higher the 90% distillation point the 
greater the carbon formation, but the 
data on this point are somewhat con- 
fused. It is concluded that oxidation 
tests have not yet become of any sig- 
nificance for ordinary use, but dis- 
tillation tests do not take account of 
the fact that an oil of low boiling point 
may leave a considerable quantity of 
carbon because of resin content, and 
that coking tests do not necessarily 
give the true picture of highly refined 
products when these are of very high 
boiling point. : 


Influence of Soda on the Gasification 
of Heavy Oils. M. A. ELtiotr anp W, 
J. Hurr. Ind. Eng. Chem. 26 (1934) pp. 
480-85. 

Bunker “C” oil is cracked in the 
presence of steam in the temperature 
interval from 1300° to 1600°F. Com- 
parative experiments were made with 
a refractory surface of magnesite 
blocks alone and with these blocks 
impregnated with five percent of so- 
dium carbonate by weight. The sodium 
carbonate’ greatly accelerated the 
steam-carbon reaction at 1300°F. Ac- 
cordingly, in a water gas generator, 
more carbon appears in the form of 
blue gas and less on the refractory 
surface of the carbureter. The thermal 
yield was increased as much as 62 per- 
cent in some cases. The possible pois- 
oning effect of sulphur was investigat- 
ed by impregnating the refractory with 
sodium sulphide. This substance was 
found to be effective in catalyzing the 
steam-carbon reaction. 


The Strength of Asphalt Mixtures. 
H. T. Horsrrecp. Chem. & Industry 53 
(1934) pp. 107T-15T. 

Despite all the work done, the fact re- 
mains that the highway engineer is not 
yet in a position to calculate and design 
an asphalt pavement in truly scientific 
terms and on mathematical and physical 
principles such as would be applied by 
him to the design of a structural mem- 
ber. The author raises such questions as, 
how does one design an asphalt pave- 
ment what is the nature and value of the 
stresses it will be called upon to resist, 
what is the limiting strength of asphalt, 
is it a compressive, shearing, or tensile 
stress, and what is its value. These mat- 
ters are discussed in the light of existent 
data. It is concluded that a bituminous 


sand mixture as it is laid in a road in 4 
heated condition is a liquid, but that dur- 
ing cooling and consolidation by rolling 
and traffic it becomes a plastic solid. If 
this plastic solid is not to be deformed 
into corrugations or ruts by traffic, then 





Refiner & Natural Gasoline Manufacturer—V ol. 13, No. 7 


the 
load 
tion 
is € 
shea 
P. 
Oil: 
Dor 
Soa, 
A 
and 
mad 
chlo 
ride 
of 
hav 
no | 
119 
curs 
tren 
avoi 


D 
tent 
Bi 
7-12 

F 
qua 
trea 
cipi 
loss 
fin 
tota 
Sev 
a G 
bric 
trol 
witl 
dete 
The 
VISC 
higl 
and 


tior 
ana 
uSi: 


the 
gen 


Ju 








lled 
is a 
lson 
‘bon 
con- 
t the 
the 
the 
con- 
ition 
Sig- 
dis- 
t of 
Oint 
y of 
and 
arily 
ined 
high 


tion 
WW, 
pp. 


the 
ture 
om- 
with 
site 
»cks 
so- 
ium 
the 
Ac- 
itor, 
. of 
ory 
mal 
per- 
Ois- 
gat- 
vith 
was 
the 


res. 
53 


not 
ign 
tific 
ical 
by 
em- 


ve- 
the 
sist, 
alt, 
sile 


rent 
ous 
na 
jur- 
jing 

If 
ned 
hen 


the shearing stresses due to vehicular 
loading must not exceed the internal fric- 
tion of the mixture. A method of testing 
is outlined for determining the limiting 
the mixture. 


shear of 


Permanent Color Standards for Fats, 
Oils and Other Colored Liquids. J. E. 
DoHERTY AND J. F. AHEARN. Oil and 
Soap 11 (1934) pp. 46-52. 

A new set of color standards for fats 
and oils is proposed, involving solutions 
made with various combinations of uranyl 
chloride, cobaltous chloride, cupric chlo- 
ride, sodium dichromate and the sulphates 
of cobalt and copper. The standards 
have been tested in the Fadeometer and 
no fading occurred in any of them within 
119 hours. Some variation in color oc- 
curs with change in temperature and ex- 
treme temperature changes must be 
avoided when readings are made. 


Determination of the Paraffin Con- 
tent of Mineral Oils. R. HEINZE AND 


A. ZwercAL. Ol und Kohle, 2 (1934) pp. 
7-12. 
The oil is dissolved in a known limited 


quantity of solvent and the solution 
treated with a definite quantity of pre- 
cipitating agent and washed. From the 
loss in washing and the amount of paraf- 
fin obtained in the first precipitation the 
total quantity of paraffin is calculated. 
Several oils were investigated, including 
a German spindle oil distillate and a lu- 
bricating oil distillate, Pennsylvania pe- 
trolatum, and a mixture of petrolatum 
with dewaxed filtered cylinder oil. All 
determinations were made at —21°C. 
The most suitable solvent for oils of low 
viscosity was butanone, and for oils of 
high viscosity a mixture of chloroform 
and tricresol. 


Natural Gas and Natural 
Gasoline 


A Method for Measuring the Dew 
Point of Natural Gases. A. MICHELS 
AND G. W. Nepersract. Ind. Eng. Chem., 
Anot. Ed. 6 (1934) pp. 165-6. 

A method and apparatus for measuring 
the dew point of natural gases is de- 
scribed. Its use is illustrated in connec- 
tion with the studies of a particular gas 
and the illustrative data are presented 
in graphic form. 


Determination of Ethane by Com- 
bustion Over Platinum in the Presence 
of Excess Oxygen. M. SHEPHERD AND 
J. R. Brannam. Bur. Stand. J. Res. 11 
(1933) pp. 783-797. 

A sample of ethane obtained by frac- 


ionating West Virginia natural gas was 
analyz: 1 by the slow combustion method 
using a hot platinum spiral in the pres- 
ence of excess oxygen. The purity of 
the gas was carefully studied and nitro- 
gen found to be the largest impurity and 


present to the extent of 0.015%. A 
standard apparatus for volumetric gas 
analysis was used and the contraction 
after burning, carbon dioxide produced 
and oxygen consumed were measured. 
The volumes corresponding to the ideal 
equation for combustion were found not 
to correspond exactly to the observed 
volumes. The results of eighteen analyses 
were used as the basis of an equation 
for the combustion and it is asserted that 
the use of this equation will give more 
accurate results than can be obtained 
from the established formulas in gen- 
eral use. 





SAFETY EQUIPMENT CORP 
Brooklyn, N. Y 


PULMOSAN 
176 Johnson St 








Reflux etc. 
contraction, 


to 300 Ibs. 


NEW, SPECIAL 


Handles all kinds light, volatile 
liquids. Increases’ efficiency of 
Stabilizer Towers. 


Rermery and Natural Gasoline 
Plant men have always favored Westco 
Turbine Pumps with their ability to 
automatically adjust themselves to 
changes in the operating condition. 
Because this feature enables Westcos to 
supply an ideal, non-pulsating feed to 
high pressure stabilizers which increases 
the efficiency of the columns by elimi- 
nating overload and underload of the 
stabilizer trays. 


Improved Design 


Now, Westco announces an improved 
unit with extra deep, lubricated stuffing 
boxes, over-size ball bearings and extra 
heavy shaft. These design improve- 

SEE ments assure trouble-free 


WESTCO’S oe oa ay 
DISPLAY performance with a mini 
HOME mum of maintenance ex- 
PLANNING i 
HALL poe 
Will Not Vapor Bind 


Westcos are highly 
efficient when handling 
light, volatile gasoline, 
propane etc., of 100° to 
130° A. P. I. gravity hbe- 
cause they will operate 
against pressures up to 





WESTCO 7 URBINE PU 


HIGH PRESSURE - 
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Symmetrically designed 7H66 Westco for Hot Oil, Propane, 
Pump mounting allows full play to expansion and 
Sizes from 5 to 200 G.P.M. against pressures up 


WESTCO PROPANE 
AND REFLUX PUMP 


300 Ibs. per square inch without be- 
coming vapor bound. 


High Pressures in Single Stage 


Westco’s re-energizing pump action 
produces pressures which, in many 
cases, are 20 times greater than those 
produced by conventional type cen- 
trifugal pumps with the same diameter 
Impeller. Westcos are favorites through- 
out the industry for still charging and 
for handling Hot Oil, Fuller’s Earth, 
Chlorine Treating Solutions, Mineral 
Seal Oils, Naphtha, Brine, Water, etc. 


Send Coupon for Details 


Send coupon below for FREE Cata- 
log containing Performance and Selec- 
tion Tables. No obligation. WESTCO 
PUMP CORPORATION, Davenport, 
Iowa. Branches: New York, Phila., Chi- 
cago, Los Angeles and San Francisco. 
Representatives in 50 Principal Cities. 


j-"— COUPON BRINGS DETAILS——~, 





l WESTCO PUMP CORPORATION, f 
[ Davenport, Iowa. Dept., N-7. | 
I Gentlemen: Without cost or obligation, | 
5 gree send me your Catalog of Westco | 
i — — for Refinery and Nat. Gas. | 
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ADVANTAGES 


Seamless—no welds. 
High tensile strength. 
Exceptional uniformity. 
Unusual ductility. 

Resistant to corrosive influences. 


















Made from superior quality 
a hearth steel. 

mplete range of sizes, wall- 
on nesses, and lengths. 
Readily adaptable to any type 
of joint. 
Proved performance under ex- 
acting service. 
A product of the largest manu- 
facturer of Seamless Pipe. 


Sentry drilled (when ordered) 
an exclusive feature. 
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Reliability is what counts 
in Refinery Piping ! 


With the high temperatures and high pressures that refinery 
piping must undergo, it is clear enough that reliability is the 
dominant requirement. This is why NATIONAL Seamless Pipe 
rates as the preferred material in America’s leading refineries. 
Seamless Pipe offers the highest degree of reliability; no chance, 
no dependence on the human element, no uncertainty of any 
kind need be allowed for as affecting its uniform wall-strength. 
One continuous hollow cylinder, pierced from a solid billet, is 
expanded and rolled at proper and definitely controlled temper- 
atures to produce unvarying grain refinement, uniform transverse 
and longitudinal strength and ductility. A balanced, homo- 
geneous unit, unsurpassed from a manufacturing standpoint, 
is the result. 


NATIONAL Seamless is workable and accommodating where bends 
have to be made and can be used with any type of joint, flanged 
without injury, welded with ease. If you have refinery piping 
problems where no compromise can be tolerated and reliability 
is the watchword, specify NATIONAL Seamless— 


America’s Preferred Refinery Piping 


NATIONAL TUBE nine ¢ Pittsburgh, Pa. 
Subsidiary of United {US 


States Steel Corporation 


NATIONAL SEAMLESS 
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', THE MONTH IN REVIEW ’ 


Solvent Refining © 
Cross-License Arranged 


RECENT announcement by va- 

rious refining and engineering 
companies indicates a cross-licensing 
agreement and settlement of patent dif- 
ficulties in the field of “two-solvent ex- 
traction.” Coming at a time when the 
refining industry is much interested in 
solvent extraction processes for the 
manufacture of lubricating oils the 
agreement reached by Max B. Miller 
& Company, Inc., and several other 
companies will no doubt make possible 
earlier and wider application and use 
of extraction processes and forestall 
threatening patent litigation. Conflicts 
have rapidly developed between va- 
rious claimants of patentable subject 
matter in this field, which is indicative 
the rapid technological advances made 
by various researchers in the field. It 
was essential that necessary concilia- 
tory policies in patent matters prevail 
if freedom of commercial operation 
was to follow the development of re- 
search endeavor. 

Max B. Miller & Company has de- 
veloped the Duo-Sol- process of two- 
solvent extraction, which, in its present 
commercial form, employs propane and 
cresylic acid as the two solvents and 
depends upon the double counter-cur- 
rent flow for its effect. Shell Develop- 
ment company was the possessor of 
basic patent claims on.the principle of 
double counter-current extraction and 
an agreement was reached _ several 
months ago between Miller and Shell. 

Working independently of Miller and 
Shell, Union Oil Company of Califor- 
nia and Standard Oil Companies of 
New Jersey and Indiana had also de- 
veloped several processes in the field 
of two-solvent extraction, employing 
Propane as a solvent, and these devel- 
opments were a corollary to the in- 
vention and commercial exploitation of 
the propane deasphalting and propane 
dewaxing processes. These companies 
had arranged with M. W. Kellogg 
Company for the commercial exploita- 
tion of the so-called JUIK process, 
and a great deal of development work 
along this line is being conducted not 
only in the laboratories of the refining 
companies but also in the laboratory of 
the M. W. Kellogg Company at Jersey 
City. In the meantime Max B. Miller 
& Com any has continued its develop- 
ment in its pilot plant at Long Island 
City, and Socony-Vacuum Corporation 
and Gulf Refining Company have be- 


come licensees of the Duo-Sol process. 

The technical and commercial ad- 
vances took place before the patent 
situation had opportunity to crystallize 
and it was discovered that the Miller- 
Shell and JUIK groups has issued pat- 
ents bearing generally on these pro- 
cesses and that their respective patent 
applications had been thrown into a 
complex maze of interferences at the 
patent offices. Under the terms of the 
present agreement the JUIK group has 
granted Max B. Miller & Company the 
right to sub-license its patents for two- 
solvent processes falling within a de- 
fined “duo-sol” field, and Max B. Miller 
& Company and Shell Development 
Company have granted the JUIK 
group the right under their patents to 
sub-license processes of two-solvent 
extraction of the so-called “single 
counter-current” type. 

By means of the settlement the in- 
dependent development and licensing 
of two rather different types of solvent 
extraction processes will be permitted 
without any patent litigation. The set- 
tlement does not include dewaxing 
methods and it is understood that Max 
B. Miller & Company will continue to 
license the centrifugal dewaxing pro- 
cess whereas M. W. Kellogg Com- 
pany will continue the licensing of the 
propane dewaxing process of the JUIK 
group. 


Refining Methods 
Flow Chart—A. P. I. 


HE American Petroleum Institute 

has prepared for general distribu- 
tion a folder presenting a list of prin- 
cipal petroleum products, a “flow 
chart” showing the major refining op- 
erations by which they are produced, 
and a map outlining the larger oil field 
areas of the United States. 

The folder is in two colors and 
opens to 17 by 22 inches in size, mak- 
ing each subject suitable for framing. 
The “flow chart” breaks down the in- 
tricate process of refining crude oil 
into a comparatively simple form un- 
derstandable to the average layman, 
yet is actually the layout of a practical 
Copies of the “flow chart” 
now are being distributed at the in- 
stitute’s exhibit in the Hall of Science 
at the Century of Progress Exposition. 
Copies of the folder are available upon 
request to the institute’s department of 
public relations, Room 2040, 50 West 
Fiftieth Street, New York, N. Y. 


refinery. 
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Penn Grade Group 
Officers Elected 


At THE eleventh annual meeting of 

the Pennsylvania Grade Crude Oil 
Association, held at State College, Pa., 
June 14-15, the following officers were 
elected: T. P. Thompson, Jr., Brad- 
ford, president; Fayette B. Dow, gen- 
eral counsel, and John A. Beck, Penn- 
sylvania Refining Company, vice presi- 
dents; E. M. Lyons, Tiona Refining 
Company, recording secretary; Samuel 
Messer, Quaker State Oil’ Refining 
Corporation, treasurer; T. O. Grisell, 
executive secretary, and H. M. Smith, 
Los Angeles, assistant secretary. 

The board of directors was increased 
from 25 to 28 members, the newly 
elected directors being W. J. Brundred, 
W. F. Clinger and T. P. Thompson, Jr. 
The complete list of directors is as 
follows: 

Bradford-Allegheny district: F. D. 
Dorn, E. C. Emery, R. M. Haskell, 
Otto Koch, F. E. Rickart, Noel Robin- 
son, D. J. Sweeney, T. P. Thompson, 
Jr., and Ralph T. Zook. 

Warren district: H. L. Lewis, H. A. 
Logan, W. F. Clinger and E. M. Lyons. 

Butler-Oil City and Franklin district: 
John A. Beck, E. C. Breene, W. J. 
Brundred, D. P. McCalmont, Samuel 
Messer and C. L. Suhr. 

Pittsburgh district: R. T. Eastell and 
E. M. Craig. 

West Virginia district: J. A. Dins- 
more, J. P. Flynn and N. H. Weber. 

Ohio district: Hi: D; Atha,. C...N. 
Huff and J. H. McCoy. 


Ralph T. Zook, retiring president, 
will continue as a member of the plan- 
ning and co-ordination committee. 


A. S. T. M. Election 
Of Officers 


_ American Society for Testing 

Materials, at its annual meeting in 
Atlantic City in June elected the fol- 
lowing officers: President, William H. 
Bassett, metallurgical engineer, The 
American Brass Company, Waterbury, 
Conn.; vice president, H. S. Vassar, 
laboratory engineer, Public Service 
Electric & Gas Company, Irvington, 
N. J., and the following members of 
the executive committee—H. A. Ander- 
son, metallurgical engineer, Western 
Electric Company, Chicago; H. J. Ball, 
professor of textile engineering, Lowell 
Textile Institute, Lowell, Mass.; W. 
M. Barr, assistant to executive vice 
president, Union Pacific Railroad Com- 
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pany, Omaha, Neb.; L. S. Marsh, man- 
ager, department of inspection and 
metallurgy, Inland Steel Company, 
Chicago, and J. B. Rather, in charge, 
general laboratories, Socony-Vacuum 
Corporation, New York, N. Y. 


Barnsdall Units 
Merged 


ARNSDALL REFINERIES, INC., 

Barnsdall Oil Company of Califor- 
nia and other companies in the Barns- 
dall group were merged into one unit 
June 30, to be known as Barnsdall Oil 
Company. E. B. Reeser heads the new 
company as president; R. A. Broom- 
field is executive vice president; James 
A. Dunn, vice president and secretary; 
L. De Messner, treasurer and assistant 
secretary, and Frank Braman, assistant 
secretary and assistant treasurer. 

F. E. Holston is vice president and 
general manager of the refinery operat- 
ing department. George D. Locke is 
vice president, marketing division, with 
J. F. Adams as manager of sales. Pro- 
duction activities are headed by R. A. 
Broomfield, in California, and W. K. 
Whiteford, in the Mid-Continent. A. J. 
Schlosser is superintendent in the gas- 
oline department. 


Helium in 
Natural Gas 


HE Bureau of Mines, 

Publications, Washington, is dis- 
tributing Information Circular, 6796, 
“An Apparatus and Method for the 
Determination of Helium in Natural 
Gas,” by C. C. Anderson. The 1l-page 
circular includes discussion of the im- 
proved method, description of the ap- 
paratus, modification, procedure for 
analysis and is accompanied by draw- 
Distribution is free. 


Section of 


ings. 


Fire Marshals 
Re-elect Officers 


HE Fire and Safety Marshals, Na- 

tional Petroleum Association, at its 
ninth annual meeting, Warren, Pa., 
June 9, re-elected all officers, as fol- 
lows: President, J. H. Herbert, Stan- 
dard Oil Company of Ohio; vice presi- 
dent, S. M. Wolberg, Kendall Refining 
Company; secretary-treasurer, D. I. 
Harvey, The Pennzoil Company. 
About 150 fire marshals and safety di- 
rectors were in attendance at the meet- 
ing. Among the speakers were the 
following: Roy S. Smith, chief safety 
inspector, Standard Oil Company of 
New Jersey; Captain A. A. Nicholson, 
The Texas Company; J. J. Forbes, 
United States Bureau of Mines; Willis 
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Crane, associate counsel, National Pe- 


troleum Association; D. V. Stroup, 
American Petroleum Institute; Doug- 
las G. Kropf, chief of the Warren fire 
department, and H. A. O. Logan, presi- 
dent, United Refining Company. 
Kendall Refining Company’s team 
No. 1 retained the championship in the 
first aid contest. The same company’s 
team No. 2 took second place, and The 
Pennzoil Company team, third place. 


A. S. T. M. Committee 
D-2 Re-elects 
‘Picinccisine D-2, on Petroleum 


Products and Lubricants, Ameri- 
can Society for Testing Materials, at 
the annual meeting, Atlantic City, re- 
elected: the following officers: Chair- 
man, T. A. Boyd, General Motors Cor- 
poration; secretary, R. P. Anderson, 
American Petroleum Institute; hon- 
orary chairman, A. E. Dunstan, Anglo- 
Persian Oil Company, Ltd., London; 
vice chairman, T. G. Delbridge, The 
Atlantic Refining Company, Philadel- 
phia. The advisory committee for the 
coming year consists of the following: 
Harold Farmer, Philadelphia Electric 
A. E. Flowers, DeLaval 
Separator Company; G. G. Oberfell, 
Phillips Petroleum Company; J. B. 
Rather, Socony-Vacuum Corporation; 
T. H. Rogers, Standard Oil Company 
(Indiana), and C. B. Veal, Society of 
Automotive Engineers. 


Company; 


Road Oil Sales Decrease 


ECREASED construction and 

maintenance of highways were re- 
flected in a decrease of 24.5 percent in 
sales of road oil in 1933, compared 
with 1932. Petroleum refining com- 
panies in the United States sold 8,264,- 
824 barrels of road oil in 1932 and 
6,238,898 barrels in 1933, according to 
statistics compiled by the Bureau of 
Mines, Department of the Interior. 
However, some of the apparent de- 
crease in the demand for road oil may 
be explained by the substitution of 
cut-back asphalt for road oils, espe- 
cially in the construction of low-cost 
types of surfacing. This is evidenced 
by the increase in sales of cut-back 
asphalts from 2,425,000 barrels in 1932 
to 2,797,000 barrels in 1933. Moreover, 
some road oils, as sold, are in fact 
blends of residual oil and lighter petro- 
leum distillates, and are difficult to dis- 
tinguish in practice from cut-back as- 
phalts. 

Because of higher prices, the value 
obtained from sales of road oil de- 
creased only 13.9 percent (from $7,306,- 
332 in 1932 to $6,289,119 in 1933). The 
average value of road oil sold in the 


United States was $0.884 in 1932 anq 
$1.008 in 1933. In the East Coast dis. 
trict the average sales value of road 
oil increased from $1.156 per barrel jn 
1932 to $1.44 in 1933. Refineries of the 
Indiana-Illinois-Kentucky district solq 
road oil at an average price of $0,798 
in 1932 and of $0.911 in 1933. Producers 
of the Oklahoma-Kansas-Missouri dis. 
trict obtained an average price of 
$0.765 in 1932 and of $0.903 in 1933. On 
the other hand, the average value of 
road oil sold at California refineries 
declined from $0.899 in 1932 to $0,878 
in 1933. 


Petroleum refineries in the United 
States reported the production of 5. 
534,455 barrels of road oil in 1933, com- 
pared with 6,879,000 barrels in 1932 
The refinery output of road oil was 
augmented in 1933 by 1,027,814 barrels 
of other petroleum products, chiefly 
fuel oil, transferred to road oil stocks, 
compared with 1,579,590 barrels simi- 
larly transferred in 1932.. Stocks of 
road oil, and of transferred fuel and 
other oils, held at refineries in the 
United States, increased from 571,333 
barrels on December 31, 1932, to 832- 
738 barrels on December 31, 1933. Con- 
sumption of road oil by refineries in 
their own operations, losses, and ad- 
justments accounted for 61,966 barrels 
during 1933, compared with 109,670 
barrels in 1932. 


By far the greater part of the road 
oil sold in the United States in 1932 
and 1933 was made from domestic pe- 
troleum. Only 10.3 percent of the total 
in 1932 and only 11.6 percent in 1933 
were made from foreign crude, im- 
ported chiefly from Venezuela and 
Mexico. Of the road oil made from 
foreign crude, 86.4 percent was sold by 
refineries of the Atlantic seaboard in 
1932 and 88 percent in 1933; and the 
rest in Gulf Coast refineries of Louisi- 
ana and Texas. 


Asphalt Demand 
Little Changed 


OMESTIC demand for 

changed little in quantity, from 
2,295,326 short tons in 1932 to 2,296,046 
tons in 1933. Production of asphalt 
(exclusive of road oil) at petroleum re 
fineries in the United States amounted 
to 2,474,919 tons in 1932 and 2,456,051 
tons in 1933, according to figures com: 
piled by the Bureau of Mines, Depart 
ment of the Interior. Stocks of asphalt 
held by refineries were reduced from 
298,684 tons on December 31, 1932, to 
276,363 tons on December 31, 1933. In- 
ports, chiefly of lake asphalt and graha 
mite, amounted to 20,474 short tons im 
1932 and 21,706 tons in 1933; they com 
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Steadily 


GAINING NEW USERS ~ 


in the 


OIL INDUSTRY 


Contributing factors in the widening use of Flexitallic 
Gaskets may well be the growing need for absolute 


REG. U.S. PAT. OFF, 






safety of joints and broadening recognition by engi- 
neers and purchasing executives that economy is best 


figured on a work-factor basis. 


But the major reason is that... 











CENTERING RING 3 


NEW! 


Self-centering 


PIPE FLANGE 
GASKETS... 


The gasket illustrated above is the new Type D for PIPE 
FLANGES . . . Raised Face, Van Stone, Cranelap or Plain. 
It is in every respect a Flexitallic Gasket plus a centering guide, 
which, by looping over opposite bolts, keeps the entire gasket 
between bearing surfaces where it can best serve to make an 
absolut. ly safe joint. Joint failure, owing to radial misplace- 
ment, is eliminated. 











FLEXITALLIC CONSTRUCTION is being STUDIED more widely and thoroughly! 





In almost all instances the gaining of new customers 
is preceded by exacting study of the physical prin- 
ciples on which Flexitallic Gaskets are constructed. 


Engineers look to the shape of the metal plies, 
recognizing the soundness of the V-shaped crease, 
which, while absorbing compression, provides auto- 
matic and instant adjustment to space variations. 


Engineers examine the inter-lock which, while keep- 
ing the gasket intact, prevents total compression of 
the V-shaped crease, and thus preserves resilience. 


Purchasing executives in the meantime, interested 
in economy, note that Flexitallic Gaskets are fre- 
quently reused a number of times, 


Trial installations follow ... users increase; for 


Flexitallic Gaskets prove their merit in service. 











zs | FLEXITALLIC GASKET COMPANY, 8th and Bailey Streets, Camden, N.J. | 
| > | GENTLEMEN: Please send catalogue information with 
| 5 5 | regard to Flexitallic Gaskets. 
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stituted less than 1 percent of the as- 
phalt apparently consumed in the 
United States in those years. Exports 
of petroleum asphalt declined from 
206,006 short tons in 1932 to 204,032 
tons in 1933. 

Of the 2,456,051 short tons of asphalt 
manufactured at petroleum refineries in 
1933, 1,218,665 tons were made from 
foreign crude oil, imported chiefly from 
Venezuela, Colombia and Mexico, and 
1,237,386 tons from crude petroleum 
produced in the United States. The 
1933 total output included 136,572 short 


tons of other petroleum products 
blended with the asphalt to produce 
commercial varieties of the required 
hardness and consistency. 


Refinery sales of petroleum asphalt 
changed little in quantity, from 2,408,- 
818 short tons in 1932 to 2,424,800 tons 
in 1933. In value, however, they in- 
creased 26.5 percent (from $18,605,117 
in 1932 to $23,542,544 in 1933). The 
shift in the uses of asphalt which has 
been manifest since 1930 continued in 
1933. Cut-back asphalts, used in the 
construction of low-cost bituminous 





(May we suggest that you clip this ad and others in this series, for your “pump” file? ) 
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KINNEY 
PUMPS 


Wrote this 


$32.75 


per pump 
year 

for repair 
parts 





Interior View Type SD Kinney Pump 


























—in refinery service 1-14 years 


Total 
Years | No. | Years! Here's another Kinney refinery pumping record! 
wn wl nana bectees figures we are showing each month give the real 
Hh ; E+ reason why Kinney pumps are found in refineries in 
12 aa | 132 all parts of the country. 
; 2 ig But the best story we've heard recently is that of the 
7 es | Refinery Superintendent who was asked how a Kinney 
5 13 95 Pump worked. He answered, "I can't tell you. I've 
; . = worked in refineries for 20 years, have seen hundreds 
2 : : of Kinneys in action, but I've never seen one down." 
“aaaal oes |. cae For his sake, and many others like him, we show the 
ae ; inside view of the Type SD—one of three types of 
Write Kinney pumps in wide use. 
for *(Total first cost, 201 pumps, $124,897.66 or an average 
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KINNE 


725 Commercial Trust Bldg. 
PHILADELPHIA 


cost of $621.38. Total repair parts, $47,983.07. Average 
cost per pump per year for repairs $32.75.) 


MFG. CO. 


3539 Washington St. 


BOSTON 
1202 Buckingham Bldg. 
CHICAGO 
1333 Santa Fe Ave. 
LOS ANGELES 
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types of road surface, gained in rela. 
tive importance, from 8.1 percent of 
all asphalts sold in 1930 to 21 percen 
of the total sales in 1933. At the same 
time, paving asphalt, used in the cop. 
struction of high-type streets and high. 
ways, declined from 42.4 percent of ajj 
asphalt sales in 1930 to 32.9 percent in 
1933. Similarly, sales of roofing asphalt 
which constituted 26.2 percent of the 
asphalt sold in 1930, decreased in jm. 
portance to 20.4 percent of the sales jp 
1933. 

Imports of asphalt and bitumen into 
the United States increased from 20. 
474 short tons, valued at $251,402, in 
1932 to 21,706 tons, valued at $278 40]. 
in 1933. Lake asphalt imported from 
Trinidad amounted to 12,596 tons ip 
1932 and 12,047 tons in 1933. Glance 
pitch, or grahamite, imported from 
Cuba increased from 7457 tons in 193? 
to 8286 tons in 1933. 

Exports of petroleum asphalt from 
the United States were 1 percent less 
in quantity and 9.7 percent lower in 
value in 1933 than in 1932. From 206- 
006 short tons, valued at $3,168,138, in 
1932 they declined to 204,032 tons, 
valued at $2,860,964, in 1933. The prin- 
cipal decreases were in exports to Can- 
ada, to France and Italy, to China, 
French Indo-China, and Japan, to the 
Philippine Islands and Australia. On 
the other hand, larger shipments of 
petroleum asphalt were made to the 
United Kingdom, to British India, 
British Malaya, and Ceylon, the Neth- 
erland East Indies, and the Union of 
South Africa. 


Record for Carbon 
Black Sales 


RODUCTION of carbon black in 

1933 amounted to 269,325,000 
pounds.. This was 26,625,000 pounds, 
or 11 percent, over the 1932 figure. 

Total sales, amounting to 374,644,000 
pounds in 1933, were far in excess of 
the previous high record established in 
1929 and were 43 percent over the 1932 
figures. Of the total sales, 222,358,000 
pounds (59 percent) represented do- 
mestic deliveries and 152,286,000 pounds 
(41 percent) represented exports. Do- 
mestic sales were 38 percent above 
those in 1932, while exports were 2% 
percent higher than in 1932. 

Of the total domestic deliveries 191- 
358,000 pounds, or 89 percent, were 
consigned to rubber companies. This 
compares with 81 percent in 1932 
showing that the rubber industry ‘8 
more than maintaining its place as 4 
consumer of carbon black. Sales ' 
ink companies showed a slight increas 
in quantity, but amounted to only 
percent of the total domestic sales, 
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11 percent in 1932. 
Sales to paint companies decreased 
slightly but sales for miscellaneous 
purposes increased 21 percent. 

In general, all foreign customers in- 
creased their purchases of carbon black 
in 1933, in some cases the gains 
amounting to more than 100 percent. 
The United Kingdom, France and Ger- 
many, in the order named, continued 
to be the chief customers. December 
was easily the leading month for ex- 
ports as the foreign buyers anticipated 
the higher prices which became effec- 
tive early in 1934. 

The carbon black industry has 
moved steadily westward for a number 
of years, but the center of production 
took a step eastward in 1933 when 
Louisiana showed the largest increase 
of any of the major producing districts. 
Although the Texas Panhandle in- 
creased production only 7 percent over 
1932, it produced 190,356,000 pounds, or 
71 percent, of the total output for 1933. 
The average value of carbon black at 
the plants, which has declined steadily 
since 1928, showed a slight gain in 
1933, being 2.77 cents per pound, com- 
pared with 2.75 cents in 1932. The total 
value at the plants of carbon black 
produced in 1933 was $7,449,000. This 
compares with $6,664,000 in 1932. 

The average yield of carbon black 
remained unchanged in 1933, being 1.44 
pounds per thousand cubic feet of nat- 
ural gas burned. Carbon black pro- 
ducers reported a consumption of 186,- 
781,000,000 cubic feet of natural gas in 
1933; this was equivalent to about 12 
percent of the total consumption of 
natural gas in that year. 

Stocks held by producers continued 
to decline, being 151,993,000 pounds at 
the end of 1933. This was 106,005,000 
pounds, or 41 percent, less than the 
amount held in storage at the begin- 
ning of the year. It is probable that 
this drop in stocks was partly due to 
speculative buying, stimulated by the 
prediction of higher prices in 1934. 

The carbon black code was approved 
by the administrator for industrial re- 
covery, February 8, 1934. In brief, it 
stipulates minimum hours and wages 
for labor, provides for regulation of 
Production consistent with demand, 
Provides control of plant capacity and 
contains provisions for preventing vio- 
lent fluctuations in prices. 


compared with 





John C. Hopkins has been appointed 


district sales manager of the Cleve- 
land office of General Refractories 
Comp: ny, Philadelphia. He was form- 
erly associated with Central furnace 
division of American Steel & Wire 


Compa iy, Cleveland, and has held va- 
nous _ sts at all of the company’s 
blast furnace plants. 


117th and 118th Taxes 
Levied on Oil Industry 


fe BART by Congress of the 
Revenue Act of 1934 imposing a 
tax of one-tenth of 1 cent ,per barrel 
upon the crude oil production, and an 
additional tax of similar rate upon 
crude oil refining or processing, in- 
creased to 118 the total number of 
taxes now imposed upon the petroleum 
industry’s products, operations, and 
services. The federal government levies 
26 such taxes, state governments 68, 





county governments five, and city gov- 
ernments 19. 

The new taxes were imposed theo- 
retically to finance the administration 
of the industry’s NRA code, a new use 
for petroleum tax revenue. Other taxes 
are used to finance highways, federal, 
state, and local budgets, unemployment 
relief, fish hatcheries, oyster farms, 
schools, parks, libraries, wharves, 
docks, school books, salaries and pen- 
sions, advertising, city street repairs, 
debt services, etc. 


A study of the industry’s taxes and 











) And immediately the New 
Taylor “Fulscope” Controller is ready to 
meet any specific temperature, pressure 


or flow control requirement in your plant 


“(PHE greatest advance in 

get in contro] instru- 
ments.” So engineers in dif- 
ferent industries speak of the 
New Taylor “Fulscope.” 

Why such praise? Mainly be- 
cause of a remarkable develop- 
ment, the “Universal Sensi- 
tivity Adjuster” in the 
“Fulscope.” By means of a 
simple graduated dial adjust- 
ment you can match exactly 
the unit sensitivity of the con- 
troller with the time lag and 
heat capacity of the apparatus 
involved. You have for the 
first time in any controller an 
easy method for even an un- 
skilled operator to get the one 
correctsensitivity desired while 
the instrument is in service. 


The “Universal Sensitivity 
Adjuster” provides in one con- 
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troller a full range of sensitiv- 
ity positions from high to low 
limits. The turn of a screw 
driver gives you steady throt- 
tling or on-and-off action. 

Let us tell you more about 
the operation of this main fea- 
ture of the Taylor “Fulscope.” 
Investigate other Control in- 
strument improvements. 

Note these: 


1. Easier, more accurate setting 
point adjustment. 


2. Direct to reverse action ob- 
tained without extra parts. 


3. Practically no pen drag. 





Just a turn of this ‘‘ Universal Sensitivity 
Adjuster’’ enables you to give the best 
sensitivity for a particular application. 


4. Full length flexible pen arm. 


5. Improved and lighter lever- 
age system practically elimi- 
nates friction. No sacrifice 
of ruggedness. 


6. Easier calibration. 


7. Tube systems easily replaced 
on the job. 


8. New die-cast case is dust-, 
moisture-, and fume-proof. 


Write for new booklet, “A Tri- 
umph of Scientific Research,” 
describing the Taylor “Ful- 
scope” Controller. Free on re- 
quest. No obligation. Taylor In- 
strument Companies, Roches- 
ter, N. Y., or Toronto, Canada. 





Recording + Controlling 





TEMPERATURE, PRESSURE and FLOW INSTRUMENTS 
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earnings, made recently by the Wash- 
ington Petroleum Industries Commit- 
tee and covering the years 1921 through 
1932, revealed that the 12-year tax bill 
of the industry is about twice its 12- 
year net earning s—$4,862,291,829 
against $1,994,039,974. 
closed also that the $4,862,291,829 tax 


bill is nearly one-half the industry’s 




























The study dis- 


estimated capital investment as aver- 
years—$10,031,521,- 


000. The industry’s weighted average 


aged through the 


earnings on its investment amounted 
only to 1.66 percent. 
The committee’s data follow: 


invest- 


. .$10,031,521,000 


Average capital 


ment for 12 years... 


Net earnings for 12 years 1,994,039,974 
Percent earned on _ in- 

vestment (weighted 

| OR ee 1.66 % 
Total tax bill for12 years 4,862,291,829 
Highest tax bill—1932... 747,097,125 
Net earnings in 1932 (es- 

timated deficit of).... 182,400,000 
Largest net earnings— 

Ee airicts 6 5 i done 4 475,393,629 
Tax bill in 1926......... 368,368,572 


oline 





YV PLANT ACTIVITIES §Y 


Distillation Unit: Mid-Continent Pe- 
Corporation, 


troleum 







Louisiana. Capacity approximately 


at its West 11,000,000 cu. ft. daily. 


Tulsa, Oklahoma, refinery is dismantl- 


ing several steam stills and erecting a 
new 4,000-barrel pressure distillate re- 
Contract to Foster Wheeler 
Corporation. 


run unit. 


Gasoline Plant: James C. Graves and 
associates, Saginaw, Michigan, are re- 
ported planning erection of a 10,000,000 
cu. ft. natural gasoline extraction plant 
in Section 17, Porter Township, Mid- 
land County, Michigan. 


Gasoline 


Corporation at Woodland, Iowa field, 
Jefferson 
building a 15,000,000 cu. tt. natural gas- 


pany. 


Booster Station: United Gas 


Davis Parish, 


plant, 
Louisiana Gulf Coast area. 
to Stearns Rogers Manufacturing Com- 


Refinery: G. L. Rowsey, at Corpus 
Christi, Texas, building a 1,000-barre| 
refinery, and 1,000-barrel cracking unit 
with contract for refinery construction 
to The Lummus Company on a turn. 
key basis. 


Gasoline Plant: Gas & Oil Products 
Ltd., is 
plant at the Mersury Camp in Section 
4-19-2w5, 
Alberta, Canada. 


erecting a natural gasoline 


South Turner Valley field, 


Much of the equip- 


—— ment has been moved to the site from 


Shell 


Texas. 


ouisiz is 
Louisiana, i Astra Romana So. 


Improvements: 
cietate Anomina, with headquarters in 
the first in the Bucharest, Roumania, is increasing ca- 
Contracts pacity of its 22,000-barrel refinery at 
Ploesti to 30,000 
ments include a new unit for manufac- 
turing lubricating oils. The company 


is controlled by Royal Dutch-Shell. 


barrels. Improve- 


Com- 


pany is building a gas booster station 


eight miles northeast of the Iowa field, 
at Woodlawn, Jefferson Davis Parish, 


Distributing Plant: Gulf Refining 
Company at Bay City, Michigan, has 








THIS BOOK HELPED ME 
SAVE MY FIRM 
HUNDREDS OF DOLLARS 


New Enlarged Edition Now 
Ready for Engineers, De- 
signers, and Welding Users 


Procedure Handbook of 
Arc Welding Design and 
Practiceisthemostcomplete 
book of its kind ever pub- 
lished. Used by many promi- 
nent engineering schools. Sale 
of original edition broke all 
records. The new enlarged edition 
contains nearly 500 pages of accu- 
tate data and information on arc 
welding, its applications and design 
procedure for most efficient use of 
the process, amply illustrated with 
detailed drawings and photographs. 





























Printed on fine paper with semi- 
flexible binding of simulated 
Jeather goldembossed; size 6x9in. 












Order your copy from 


P. O. Box 2811 
HOUSTON, TEXAS 
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Economical and 
Dependable Drive 


—Coppus Steam Turbines are comparable 
in cost to electric motors with the added 
advantage of a wide speed range. And 
they eliminate the hazards of sparking 
and power shutdowns. 

Write for Bulletin 135-6 


COPPUS ENGINEERING CORP. 


360 Park Ave. 
Worcester, 
COPPUS 
Hot Gas and 
Forced Draft 
Blowers, Tank 
Ventilators and 
Exhausters. 
Heat Killers, 
Cooling Fans. 
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REFLEX GAGES 


have been used for steam boilers for 25 years 
and are now being used by leading oil companies 
for indicating oil levels in tanks, towers, stills, etc. 


The 
empty 
space 
appears 
WHITE 














They are safe and durable at the highest pres- 
sures and temperatures. We can furnish gages 
with or without valves for every type of service. 
Full information upon request. 


Jerguson Gage & Valve Co. 


87 FELLSWAY 
SOMERVILLE, MASS. 
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Pump manifold, Globe Oil @& Refining Co., McPherson, Kane. 
Flanged joints kept tight by Goetze Gaskets. 
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GOETZE METALLIC GASKETS 


Standard equipment in prominent 
refineries from coast to coast. 


GOETZE Gaskets meet every refinery requirement—high- 
pressure superheated steam, thin hot oil, vibration, rough 
contact surfaces, etc.—and assure highly efficient and 


economical service. 


Popular GOETZE 
Gasket Constructions 


ASSIS 
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All designs can be furnished in 
any size with any desirable filler 
and in copper, Armco Iron, Monel 
Metal, stainless steel, aluminum or 
other metal. 

Circular sizes and those for 
handholes and manholes for the 
popular makes of boilers carried in 
stock for immediate shipment. 

Custom-made gaskets of plain 
or intricate shape for any design 
of heat exchanger, still, engine, 
pump, boiler, etc., made to order 
on short notice. 


GOETZERIT 
SHEET PACKING 


For general service. Long-fibre 
asbestos impregnated with a com- 
position which increases tensile 
strength, pliability and resistance. 
Furnished in sheets or cut into 
gaskets. 


Write for literature 
advice and quotation 


28 Allen Ave., New Brunswick, N. J. 


| GOETZE GASKET & PACKING CO. Inc. (W 

















Typical of the Many Shapes of Goetze Gaskets 
Made to Order and Delivered on Short Noiice 
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approved plans for a new bulk storage 
and distributing plant, and has pur- 
chased a 14-acre site. Equipment to 
include tankage, pumps, warehouse 
building and motor truck garage unit. 


Asphalt Unit: Colorado-Midland Re- 
fineries, Inc., Denver, Colorado, is add- 
ing a 1000-barrel asphalt plant in ad- 
dition to its 1,000-barrel skimming 
unit and will process crude from the 
Black Mountain district, Wyoming. 


Refinery: Standard Oil Company of 
New Jersey is planning to erect new 
refining facilities on the Island of 
Aruba, D. W. I., later this year, at a 
reported cost of $1,000,000. Contract 
to Foster Wheeler Corporation. 


Refinery: American Oil & Refining 
Company, Clearwater, California, com- 
pleting erection of a 2500-barrel skim- 
ming plant. 


Refinery: Lathrop Investment Com- 
pany, at Torrance, California, is re- 
ported to have completed erection of a 
3,000-barrel experimental “semi-hydro- 
genation” type of refinery designed to 
treat the heavy oil produced in the 
Torrance-Hermoso district. 


Carbon Dioxide Plant: Salton Sea 
Chemical Company plans to start im- 
mediate construction of its plant for 
production of solid carbon dioxide, fol- 
lowing a year’s work with an experi- 
mental unit at the eastern end of the 
Salton Sea, Imperial Valley, California. 
Carbon Dioxide, reported 99.9 percent 
pure, is produced from wells 600 feet 
deep in this area. 


Carbon Black Plant: The Pioneer 
Carbon Company, Craigmyle, Alberta, 
Canada, is reported erecting a carbon 
black plant to use gas from shallow 
wells on the C. Ross Echlin farm. 


Refinery: S. A. Belge pur ie Raf- 
finage de Petroles, has recently been 
organized with headquarters at Ant- 
werp, Belgium, and affiliated with “Re- 
deventza” (which operates a refinery 
in Roumania) and is erecting a refin- 
ery in Antwerp. 


Improvements: Standard Oil Com- 
pany of New York is reported plan- 
ning improvements at its Buffalo re- 
finery, to include a new still, at a cost 
of $80,000. 


Gasoline Plant: American Natural 
Gasoline Company, Shamrock, Texas, 
has completed and placed in operation 
50 percent of its proposed 100,000,000 
cubic feet daily capacity well pressure 
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absorption type natural gasoline plant, 
located in NE Section 100, Block 23, 
H&GN Ry. Survey, Wheeler County, 
Texas Panhandle. This company was 
organized last March by W. D. Smith, 
A. S. Martin, W. C. Hearne and Wil- 
son Dye. 


Dismantle: American Refining Prop- 
erties, Inc., Wichita Falls, Texas, sold 
its 6,000-barrel crude skimming plant 
and 1,800-barrel cracking units along 
with plant site and 10 55,000-barrel 
steel tanks to Kimbell & Bostic Supply 
Company for $67,500 cash. This plant 
was the largest in North Texas, but 
has been idle for months, and is to be 
dismantled and salvaged by the new 
owners. 


Gasoline Plant: Nueces Refining 
Company, Corpus Christi, Texas, has 
completed and placed in operation a 
45,000,000 cubic foot daily capacity 
well pressure absorption type natural 
gasoline plant, located in the Agua 
Dulce field, Nueces County, Texas, on 
the Allie Purl lease operated by Gar- 
land Clymore, principal owner of the 
plant. E. O. Goodson, Corpus Christi, 
and W. W. Chapman, San Antonio, 
are also part owners. Construction 
has started on a carbon black plant to 
operate on residue gas from the gaso- 
line plant. 


Gasoline Plant: Phillips Petroleum 
Company, Bartlesville, Oklahoma, has 
started construction of an absorption 
type natural -gasoline plant, located in 
Western Wheeler County section of 
the Texas Panhandle. This plant will 
utilize casinghead gas made available 
in large quantities recently by active 
drilling operations on nearby leases. A 
portion of the equipment will he ce- 
rived through the dismantling of the 
company’s combination absorption and 
compression natural gasoline plant 
operated for a number of years in the 
Artesia field, New Mexico. 


Gasoline Plant: Hanlon Gasoline 
Corporation of Texas, Tulsa, completed 
and placed in operation mid-June a 
natural gasoline plant in the Glade- 
water section of the East Texas. oil 
field, with a rated capacity ranging 
from 25,000 to 30,000 gallons daily. 
This plant is located on Humble Oil 
& Refining Company’s J. F. Boles 
lease, D. Ferguson Survey, Gregg 
County, and is connected to about 800 
wells that are prorated to about 40 
barrels oil daily. 

Rebuilding: Petroleum 
Company, Kilgore, Texas, owner of a 


Southport 


3000-barrel crude skimming plant. with 
a recently completed 150(-barre| 
cracking unit, is to replace eq: ipment 
damaged by an explosion and fire on 
June 23, resulting in the fata! injury 
of two workmen and burns were sys. 
tained by 10 others. George Trayjs 
nephew of M. M. Travis, part owner, 
and Ray Roe, an insulator, lost their 
lives in the fire. 


Hydrogenation: Important negotia- 
tions for establishment of a hydrogen- 
ation plant in Victoria, Australia, in- 
volving possible expenditure of around 
$40,000,000, for producing oil from 
brown coal are reported in progress 
by International Petroleum Trade, 
June 15, issued by the Minerals Diyj- 
sion of the Bureau of Foreign and 
Domestic Commerce, Washington, D, 


C. 


Enlarge: Cargray Corporation, Am- 
arillo, is preparing to increase capacity 
of its absorption type well-pressure 
gasoline plant in northeastern Carson 
County, Texas Panhandle, from 100- 
000,000 to 150,000,000 cu. ft. daily. 


Improvement: United Refining Com- 
pany, Warren, Pa., has let contract to 
Arthur G. McKee & Company for a 
2,000-barrel redistillation unit, to be 
completed in September. The com- 
pany ,completed its 2500-barrel crude 
oil distillation unit about the middle of 
June, which was erected by tiie same 
engineering concern. 


Refinery: Plenty Coos Oil & Refin- 
ing Company has been organized in 
Montana to operate a small skimming 
plant at Hardin. 


Canning Plant: Empire Oil & Re- 
fining Company, at its Pqnca City, Ok- 
lahoma, refinery has recently com- 
pleted installation of a lubricating oil 
canning plant, to can oil in one- and 
five-quart containers. 


Dismantling: Producers Oil Com- 
pany, Bristow, Oklahoma, is dismant- 
ling its refinery and will recondition 
equipment to be offered for sale. Plant 
was originally erected by Roland Oil 
Company and was acquired by Pro- 
ducers Oil Company in 1927. 


Improvement: Quaker State Oil Re- 
fining Company, Elmenton, Pa., has 
increased capacity of its solution re 
run system from 800 to 1000 barrels 
per day. Overhead cooling coils and 
heat exchangers were also added. A 
new blending plant for Ethyl gasoline 
is under construction. 
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New Equipment for the Modern Plant 








Supervisory Control 
WESTINGHOUSE ELECTRIC & MFG. 

COMPANY 

Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, Pa., 
announce “Polaricode, Junior,” a low 
cost, size supervisory control 
particularly suitable for industrial 
plants. The new unit includes a raise- 
lower control combined with simul- 
taneous telemetering indication of po- 
sition for distant control of variable 
position apparatus such as valves, rhe- 
ostats, tap changers, and similar equip- 


small 


ment. 
“Polaricode, Jr.” is designed and 


priced for application to small trans- 
former switching, distribution and tie- 
point substation; various single unit 
automatic railway, mining and hydro 
stations; electrified pumping stations; 
industrial plant sub-stations; and sim- 
ilar applications. 

Except for size, the unit is compar- 
able to all Westinghouse supervisory 
It operates a maxi- 
size 


control systems. 
mum of five apparatus 
small enough to permit low cost, yet 
sufficient for the average small appli- 
cation. Only two telephone-type line 
wires are required between the dis- 
patching point and the remotely con- 
trolled station. The dispatching cab- 
inet is but 14 inches wide, 21 inches 
deep and 20 inches high. 

The system performs all of the vari- 
ous functions of apparatus control, 
gives continuous and individual signal 
telemetering and 


units—a 


lamp supervision, 


synchronizing. 


Control Trip 

BAILEY METER COMPANY 

Meter Company, Cleveland, 
Ohio, has developed a control trip 
withholds fuel feed until the 
is thoroughly purged, used to 
mixtures of 
fuel and air when lighting off pulver- 


ized ¢ al, 


Bailey 


which 
boiler 


guard against explosive 
gas, or oil under boilers. 

[he mechanism consists essentially 
ot two oil sealed bells suspended from a 
beam to measure air flow through the 


boiler. A draft connection from the 
right-hand bell to the boiler furnace, 
and a similar connection from the left- 
hand bell to the last pass provides for 
the use of draft loss through the boil- 
er as a measurement of air flow. The 
entire mechanism, including oil-sealed 
bells snap-acting contactor and indi- 
catine pointer, is enclosed in a dust 
and moisture-proof pressed steel cas- 
Ing attractive design. 
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Bailey Control Trip 


Although this control device is pro- 
vided with an indicating pointer for 
calibration and checking, its primary 
function is to operate the snap-acting 
contactor shown in the circular casing 
between the two oil-sealed bells. This con- 
tactor is connected to the air flow 
mechanism by linkage in such a man- 
ner that it is necessary to run the rate 
of air flow through the boiler up to 
approximately 60 percent of capacity 
before the contactor snaps closed and 
permits operation of the fuel feeder 
motor relay or control valve. Once 
this contactor goes to the closed posi- 
tion it remains there until the air flow 
value approaches zerc, thereby permit- 
ting operation of the unit throughout 
its entire control range without trip- 
ping out the fuel feed. 





























Gas Cleaner 


Burrell-Mase 


Gas Cleaner 


BURRELL-MASE ENGINEERING CO. 

Burrell-Mase Engineering Company, 
Law & Finance Building, Pittsburgh, 
announces Type 2 and 3 of the B. T. 
gas cleaner for removing dirt and dust 
from gas. The foreign matter consists 
mainly of gas well sand, construction 
dirt and pipe scale, which is removed 
by the cleaner for the protection of 
compressor parts, pressure reducing 
regulators, orifice meter plates, meters, 
fittings, burners and pilot lights. The 
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cleaner consists of horizontal cylin- 
drical tank constaining a bed of iron 
turnings which is continuously washed 
with oil falling over the turnings from 
an overhead trough. The oil is forced 
to the trough from the bottom reser- 
voir by the lifting action of the gas 
itself. The gas strikes the bed of oil- 
covered iron turnings at a relatively 
high velocity, throwing down into the 
oil suspended particles of dust and 
dirt, and is further washed as it passes 
through the bed of turnings. The cross 
sectional area of the apparatus is large 
so that it has a large cleaning capacity. 
There is no oil mist or spray neces 
sitating expensive baffles for its re- 
moval. A unit four feet in diameter 
by 14 feet long will handle 1,800,000 
cubic feet of gas per hour at 250 
pounds pressure. It is furnished in any 
necessary ranges of capacity. 


Meter Body 
BROWN INSTRUMENT COMPANY 


The Brown Instrument Company of 
Philadelphia announces a new meter 
body for electric flow meters. It is 
designed for measuring the flow of any 
liquid, vapor or gas creating a differ- 
ential pressure across an orifice of 1.6 
to 16 inches of mercury. The features 
of this meter body are ease of cleaning 
and range changing, combined with 
ruggedness and simplicity. 

A seamless steel “U” tube with union 
compression fittings connects the high 





Brown Meter Body 
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A Truck Horse Won't 
Win the 


Kentucky 
Derby 





Fires with the Wrong 
Extinguisher ! 
a LUX you have an extin- 


guisher that is “right” for more 
than one kind of refinery and bulk 
plant fire. LUX puts out oil or gaso- 
line spill fires as quickly as any other 
hand extinguisher. It puts out fires in 
oil running from a leaking pipe or 
overflowing tank truck against which 
other extinguishers usually fail. It puts 
out fires in live electric pump room 
motors safely. No other type of extin- 
guisher is effective against all three. 
Who knows what his next fire will 
be? The wise oil man investigates 
the triple protection of the LUX ex- 
tinguisher. Write Walter Kidde & 


Company, Inc., Bloomfield, N. J. 


Triple Fire Protection for 


Refineries —Bulk Plants—Trucks 





and low pressure chambers. A mercury 
drain mounted on this tube has a hard- 
ened needle point screw which seals 
the mercury drain hole in the “U” tube. 
Mercury cannot be blown out of this 
meter body under severe overload or 
reverse flow conditions. Two highly 
resilient seals of an oil resisting ma- 
terial, seat firmly in the high pressure 
chamber, one seal on top the float, one 
underneath. 

As the mercury level rises and falls 
with flow changes, the float in the high 
pressure chamber is free to move and 
accurately follows the mercury level. 
There are no pressure bearings to leak; 
no gears, links or chains to wear or 
break; and no electric contacts to foul 
in mercury. Movement of the float is 
transmitted electrically to the indicat- 
ing or recording meter by the induc- 
tance bridge principle. 

No welding or welded parts are used 
on this meter body. Forged steel pres- 
sure chambers, heavy seamless steel 
tubing for the range tube—*U” tube— 
and piping, with all copper gasketed 
fittings recessed, eliminates welding. 
Four specially heat treated nuts and 
bolts join the cover to the high pres- 


sure chamber. Rugged construction 
permits working pressures to 2500 
pounds per square inch. Each meter 


body tested to 5000 pounds per square 
inch before leaving factory. 

The base of the meter body is inter- 
changeable for all wall or floor mount- 
ing and made of malleable iron to 
stand shocks on severe applications. 
All parts and fittings mounted on the 
base are open and easily reached with 
a wrench, which enables quick cleaning 
or range changing. The entire meter 
body can be taken apart, cleaned, and 
reassembled in less than an hour, with- 
out removing the piping, disturbing the 
setting or re-calibrating the meter. 

The range of this meter body can be 
changed quickly, easily and cheaply 
without shutting down the line. Nine 
interchangeable range tubes with cor- 
responding charts for the recording 
meter are available. Each range tube 
is furnished with the right length of 
pipe, range tube support and gaskets 
all assembled as one unit. A 12-inch 
wrench to open four unions is the only 
tool required, remove the old range 
tube—slip in the new one—connect 
unions and the meter body is again 
ready for operation. No pipe fitting— 
no vise and no special tools required. 

An external pulsation check is de- 
signed for precision adjustments with 
the meter body under full line pressure 
(2500 pounds per square inch). The 
pulsation check and mercury drain are 
one unit. The mercury drain may be 
opened and closed, carrying the pulsa- 
tion check with it but not changing the 
setting. 
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Refrigeration Equipment 
ELLIOTT COMPANY 


Elliott Company, Jeanette, Pennsyl- 
vania, announces the Elliott Steam Op. 
erated Cooler, a new development 
which produces cooled water by means 
of flash or instantaneous evaporation 
under vacuum. For manufacturing 
plants it provides an economical means 
of supplying cooled water for drinking 
purposes; cooled water for use in air 
coolers or air conditioning cabinets; 
and other applications where it is de- 
sirable to use water cooled to between 
40 and 50 degrees. 





Elliott Steam Operated Cooler 


This steam cooler is fully contained 
within a single tank and is compact in 
size, being two feet in diameter and 
approximately six feet in height. 

Within the tank is a low 
evaporating compartment, a 
pressor of the steam jet type and a 
condenser. The exterior of the tank 
has one pump for removing and cir- 
culating the cooled water and another 
pump whose function is to remove the 
condensing water from the condensing 
compartment. An _ auxiliary motor- 
driven vacuum pump is mounted on the 
side of the unit for the purpose of 
maintaining a moderately reduced pres- 
sure in the condensing compartment. 

The cooling unit can be installed in 
a space less than three feet square and 
eight feet high. Water is the refrig- 
erant, and cooling is accomplished by 
direct partial evaporation of the water. 
The top half of the unit is insulated to 


pressure 
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No. 1R, 1” to 2”, sepa- 
rate chasers for each size, 
interchangeable—and they 
ft any make of poster 
threader. 


No. 1R, 1” to 2”, one 
handle. Made also with 
two handles. No. 1, solid 
die with two handles. Ca- 
pacity 1” to 2”, 4 sets 
of chasers. 


DIRECT 














DRIVE 


No Lost Motion or Power in 


This New RIGAaID Threader 


O zig-zag transmission of power in this 

new RIGEIb Poster Threader. 
Drive is direct, handle to head to chasers, in 
a straight line. 

You can see at once the advantage of that. 
No cocking or wabbling, but pure strength 
and precision, making for absolutely accurate 
threads. 

Posts carry no load—they simply taper the 
threads, as they should. They’re full-floating 
and so is the plate that holds them. Extra- 
heavy, they protect the whole tool in rough 
handling. Not riveted, they’re easy to replace. 

With enclosed chaser locks, new thumb 
lever ratchet control and semi-automatic one- 
screw workholder, it’s a tool you can’t match 
for satisfactory service. 


Try it at your Supply Store 
THE RIDGE TOOL CO.., Elyria, Ohio, U. S. A. 


RiFIb 


DIbE TOOLS 
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A “Order 
Ma FIL TROL 


its quality 
is uniform.” 


Super-Filtrol, the activated clay, is a quality product 
of accepted value. Its efficiency and economy are 
admittedly unexcelled. 


The Filtrol Company has blazed the trail in the devel- 
opment of an activated clay to assist refiners in the 
economical production of lube oils to desired color, 
demulsibility, neutrality, Conradson carbon, color sta- 
bility and bloom. 





Super-Filtrol is prepared to meet the most ex- 
acting requirements of petroleum engineers, 
as an adsorbing and decolorizing medium. 
Produced under the most rigid laboratory and 
technical control. 


Write Dept. R for complete information re- 
lating to Filtrol Fractionation (or distillation 
over Filtrol). 
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*The Purification of 
Petroleum Products 
with 
Super-Filtrol 


in Cooperation 
with 
Foster Wheeler 
Corporation 


FILTROL — the finest acid activated clay in the world! 


FILTROL be 


1755 Downey Road 

















COMPANY 
OF CALIFORNIA 












Los Angeles, 
California 
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avoid absorption. loss of heat by the 
chilled water. 


Low pressure steam, at any avail- 
able pressure above atmospheric is ad- 
mitted to the tank through an opening 
at the top. Water, to be cooled, is 
continuously admitted through the 
upper opening at the side of the tank, 
into the low pressure compartment, 
where the pressure is maintained at 
three-tenths of an inch of mercury. 
The entering water adjusts itself to the 
corresponding temperature of 45 de- 
grees, which is the boiling point at that 
pressure. Vacuum is created in this 
equipment by a steam jet ejector or 
“booster,” through which steam issues 
from nozzles at velocities of 3500 to 





A.S.T.M.-C.F.R. OCTANE RATINGS 
Natural Gasoline and Gas Analysis 
Using Podbielniak apparatus. 

All other tests on Petroleum Products. 


Phoenix Chemical Laboratory 


“an exclusive petroleum testing laboratory” 
, 3953 Castello Ave. Chicago, Ill. 








Electrically Driven Centrifuges 


Hand Centrifuges 
WRITE 


WILLIAMS, BROWN & EARLE, Inc. 


Manufacturers of Laboratory Apparatus 
918 Chestnut St. Philadelphia, Pa. 
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When compressed air carries water 
into pneumatic tools, the water washes 
away lubricants and causes excessive 
wear and maintenance costs. Water 
in compressed air lines also causes 
water hammer in the lines and reduces 
their carrying capacity. It may freeze 
and burst the pipes. 

Oil damages gaskets and the inside 
of hose lines. 

Rust and scale shorten the life of 
tools and decrease their efficiency. 

Protectomotor Pipe Line Filter com- 
pletely removes all water, oil, rust, 
scale and other foreign matter from 
compressed air lines. 

Write for catalog and particulars 
regarding our free trial offer. 


Staynew Filter Corp. 
Rochester, N. Y. 


EGTOM 
\ Tok cee 


21 Leighton Ave. 


= T 








4500 ‘feet a» second; draws in vapors 
from the water entering the vacuum 
tank, by aspiration, and ejects the 
moisture into a condenser. The motor- 
driven vacuum pump is connected to 
the condensing compartment for the 
purpose of removing the condensate 
and maintaining a moderately reduced 
pressure, and to reduce the duty im- 
posed upon the steam jet compressor. 
After the water has been cooled, it is 
withdrawn from this compartment by 
a pump and circulated to where it is 
to be used, then re-circulated to the 
steam cooler for re-cooling. Make-up 
water is added to compensate for any 
loss of water. 

Condensing water from city supply 
or a cooling tower, is admitted to the 
condensing compartment through the 
lower opening on the side of the tank 
and removed from this compartment 
by a pump, which re-circulates the 
water to the cooling tower, or dis- 
charges to the sewer. 


Pyrometer Controller 
THE BRISTOL COMPANY 


The Bristol Company, Waterbury, 
Connecticut, has developed a 
Pyrometer Controller, Model 478, said 
to possess “degree-splitting’” charac- 
teristics permitting an unflinching 
check over any heating process. The 
new model has the following features: 
Clean, non-arcing, non-oxidizing, non- 
corroding mercury-to-mercury electric 


new 


contacts sealed in glass; no relays; the 
operating mechanism is always visible; 
accessibility of telechron clock, mer- 
cury switches and terminal block; sim- 
plifying field inspection without expos- 
ing control mechanism to dirt, fumes 
or misalignment; full safety features, 


and simple. and rugged working parts. 








Controller 


Bristol Pyrometer 
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Diaphragm Motor Valve 
THE BRISTOL COMPANY 


The Bristol Company, Waterbury, 
Connecticut, announces a new Synchro 
Diaphragm Motor Valve. The valve 
is intended primarily for use on air 
operated control systems. It is claimed 
that the valve responds immediately to 
air pressure changes. The stem posi- 
tion for a given pressure is the same 
whether pressures are rising or falling: 
It is said that there is no hysteresis or 
friction loss in the top movement. The 
design and construction is such that it 
simplifies maintenance and _ servicing 
of the valve. Ample space is provided 
for renewing stem packing without dis- 
turbing adjustments. The top may be 
renewed or the spring replaced with- 
out changing the setting of the spring 
follower. Union and valve bodies of 
either V-port or single seated construc- 
tion are available with body material 
and trim to meet demands of the in- , 
dustrial process requirements. 





Bristol Diaphragm Motor Valve 


Welding Electrode 


GENERAL ELECTRIC COMPANY 


General Electric Company, Schenec- 
tady, New York, has added a new gen- 
eral purpose welding electrode to its 
line of arc welding electrodes, the lat- 
est grade being designated as Type 
W-22. The new electrode is of the 
heavily coated or shielded-arc type and 
produces welds of the quality required 
for Class I pressure vessels according 
to the A.S.M.E. boiler construction 
code. Its distinctive feature is that it 
may be used in any position, i.e. for 
flat, vertical, or overhead welding and 
at the same time has deep penetrating 
properties. It is therefore equally suit 
able for butt and fillet welds. 

Tests on all-weld-metal specimens 
made from Type W-22 electrode show 
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average results, which more than met 
rigid Class I requirements, according 
to the manufacturer. 


Because these physical properties are 
obtained without regard to the position 
in which the welds are made, there is 
no necessity for moving the work so 
that welding may be done in a down- 
hand position. 


The W-22 electrode has a wide field 
of application in the fabrication of 
large structures where it is impossible 
or impracticable to move the work in- 
to a special welding position—and in 
the welding of such fittings as nozzles 
and flanges to pressure vessels, where 
handling costs are less if positioning 
of the work is unnecessary. 


Threading Tools 
TOLEDO PIPE THREADING CO. 

The Toledo Pipe Threading Machine 
Company, Toledo, Ohio, announces 
that its No. 11 Ratchet Threading Tool 
that formerly had a capacity of one- 
half to 1%4-inch pipe inclusive is now 
offered in an increased capacity of one- 
eighth to 1%4-inch. This small compact 
ratchet tool has a separate die head 
and set of dies for each size pipe, and 
any combination of die heads and dies 
can be ordered within this range. It is 
a desirable tool for close cornered jobs, 
as dies are changed instantly and pro- 
duce smooth perfectly tapered threads. 
The tool is reasonably priced and is 
sold by all leading supply houses. 
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Items About Manufacturers 


* 








Foster Wheeler Corporation has 
taken over the exclusive rights for the 
sale and manufacture of the Ruths 
steam storage systems in the United 
States and Canada. Ruths accumula- 
tors will compliment the present exten- 


sive line of Foster Wheeler power 
plant equipment. G. M. Cameron, 
formerly manager of Ruths Steam 
Storage Company, will be manager of 
the Ruths Accumulator Division of 
Foster Wheeler. 

Ruths steam storage system is a 


means of storing up steam during per- 
iods of light demand for use in periods 
f heavy demand, thereby equalizing 
load. 

efficiencies 


This permits higher 

and larger daily 
boiler output per unit of installed boil- 
r This system is applicable 


the boiler 
boiler 
er capacity. 
many industrial plants and has a 
special field in certain industries such 
as pulp and paper mills, food and pack- 
ing plants, breweries, distilleries and 
other industries where large amounts 
of low pressure steam are 
Process work. 


used for 


The International Nickel Company, 
Inc. has announced the appointment of 


D, A. Nemser as development en- 
gineer, with headquarters in Hart- 
lord, Conn. Nemser was for 10 years 


associated with the metallurgical staff 
of Pratt & Whitney Manufacturing 
Company, occupying the position of 
chief metallurgist for the last five. 
During that time he exercised metal- 
lurgical control over the production of 
their entire line of products, embrac- 
Ing machine tools, small tools, gauges 
and aircraft engine parts, and super- 
vised gray iron foundry practice. 

In his new capacity Nemser will 
Work with manufacturers throughout 
New England on problems involving 


selection, heat treatment and utiliza- 
tion of nickel alloy steels, nickel cast 
irons and other alloys containing 
nickel; placing at the disposal of these 
manufacturers not only his own metal- 
lurgical experience, but also the broad 
experience of The International Nickel 
Company, Inc., with a great variety of 
manufacturing problems. 


The Duriron Company, Dayton, 
Ohio, manufacturers of acid and alka- 
li handling equipment, has started con- 
struction of an extension to its alloy 
steel foundry which doubles the size 
of the present plant. Construction 
work is being pushed as rapidly as pos- 
sible and the new equipment will be 
installed as soon as the extension is 
under cover. Additional electric in- 
duction furnaces will be installed for 
the production of “Durimet” and 
“Durca” alloy steels and other chro- 
mium-nickel alloys. The addition to 
the plant is necessitated by demand 
for manufacturing space to take care 
of the increased alloy steel business 
which the company has been exper- 
iencing for the past several months. 

R. S. Archer has joined the staff of 
Republic Steel Corporation as chief 
metallurgist of the Chicago district. E. 
Larned remains as assistant chief met- 
allurgist of the Chicago district. 

Archer has been director of metal- 
lurgy for A. O. Smith Corporation, 
Milwaukee, and prior to that was in 
charge of the Cleveland section of the 
Aluminum Research Laboratories of 
the Aluminum Company of America. 
He is a graduate of the University of 
Michigan, author of numerous scien- 
tific papers and co-author with Dr. 
Zay Jefferies of “The Science of Met- 
als.” He is a past chairman of the 
Cleveland Section of the American So- 
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Accurate Liquid Level Control 


Safe, 





This 
“Easy-to-Pack” 
feature will 
interest you 


Among the special features 
of K & M Liquid Level Con- 
trollers, is the K & M “Easy- 
to-Pack” Stuffing Box with 
ball bearing spindle. Note, in 
the illustration how the com- 
plete assembly can be slid in 
the clear and the entire pack- 
ing surface reached —a fea- 
ture which is reducing plant 
maintenance costs for many 
refineries. 


The K & M “Easy-to-Pack” 
Stuffing Box is an integral 
part of all K & M Controll- 
ers, which are highly effic- 
ient for either vacuum or 
pressure, direct or remote 
control. Either external or 
internal float types. 


Bulletin C-5 gives complete 
information about these spe- 
cial features and interesting 
applications of K & M Con- 
trollers. Copy sent upon re- 
quest. 


KIELEY& MUELLER, Inc. 


Main Office and Warehouse: 
34 W. 13th St., New York, N. Y. 


Plant: Newark, N. J. 


Kana 





Liquid Level 
Controllers 






K & M No. 250 
equipped with 
Easy-to-Pack Stuf- 
fing Box and Ball 
Bearing Spindle. 


OTHER K & M PRODUCTS: 
Valves, Pressure Regulating, Air 
Pilot operated, Balanced and Back 
Pressure. Pump Governors; Steam 
Traps. 

















Now Is the Time 


TO RE-COVER 
YOUR 
FILTER 
LEAVES 
WITH 
LONG 
LASTING 


SMOOTH-TEX 
METALLIC FILTER CLOTH 





You can do the work, using 
our improved method and 


fittings or we do it for you. 


Write to-day 





MULTI-METAL WIRE 
CLOTH CO., INC. 


795 EAST 139TH ST. 
NEW YORK, N. Y. 


<= THIS 


is the Regulating 
Element of the 


CAMPBELL 


Feed Water Regulator 
in which there are... 


No 








Moving Parts 





+i No Thermostats 
Note the “Sam- 
pling Pipe’ No Floats 
which auto- 
matically con- 7 
trols the water No Generators 
level. 
— oe 

is the Pressure Indicating 


Gauge which may be placed 
on the switchboard or control 
board if desired, any distance 
from the Regulator. It shows 
exactly what the CAMPBELL 
is doing at all times. 


THIS 
is the ATLAS Control Valve 
which may be connected to 
the CAMPBELL Regulator 
by any ordinary pipe line. 
Easily and inexpensively in- 
stalled. Dependable. Economi- 
cal. No fine adjustments. 
Nothing to get out of order. Complete de- 
tails on request. We make regulating valves 
for every service. 
Pump Governors, Float Valves, 
tings, Bronze Unions, 





Swing Joint Fit- 
Thermostats, Balanced Valves, 
Control Valves, Reducing Valves, Damper Regula- 
no = Control System, Temperature Regu- 
ators, etc 


TLAS VALVE Seaman Y 


‘TING VALVES FOR EVERY 


275 South St., Newark, N. 














ciety for Metals and for some years 
has been a member of the recom- 
mended practice commitee of that so- 
ciety. He is also chairman of the com- 
mittee of data sheets of the Institute 
of Metals Division of the American 
Institute of Mining and Metallurgical 
Engineers. He is a director of the 
American Society for Metals and a 
member of the executive committee of 
the Chicago section of the American 
Institute of Mining and Metallurgical 
Engineers. 


H. H. Timken resigned as president 
of the company, at a special meeting 
of the board of directors of The Tim- 
ken Roller Bearing Company held June 
16, and Wm. E. Umstattd was elected 
president. Timken remains as chair- 
man of the board. Umstattd has been 
with The Timken Roller Bearing Com- 
pany since leaving the Army in 1919 
and has worked in all departments of 
the plant, being advanced to assistant 
superintendent, assistant factory man- 
ager, and until January, 1932, was fac- 
tory manager. He then was advanced 
to executive vice president, so that for 
the last 24 years he has had intimate 
contact with all activities of the com- 
pany. 

Henry H. Timken, Jr., was elected 
a vice president of The Timken Roller 
Bearing Company and a vice president 
of The Timken Steel & Tube Com- 
pany. 


Seth H. Taylor, Jr., has been ap- 
pointed Pacific Coast Manager for The 
Lincoln Electric 
Ohio. 
at San 


Cleveland, 
He will make his headquarters 
Francisco. 


Company, 


For the last four 
years he has been in charge of the Los 
Angeles office of The Lincoln Elec- 
tric Company. Previous to that he 
spent not a little time at the Cleveland 
headquarters of that 
where he was engaged in research and 
applications of 


organization 


production welding. 
Since graduation from Western Uni- 
versity, he has been constantly active 
or another of the arc 
welding industry. He has the distinc- 
tion of being partly 
the first 
building ever to be erected. 


in one branch 


responsible for 

office 
He has 
been engaged in the job welding busi- 


one of arc welded 


ness. He has devoted not a little time 
to the study of automatic arc welding, 
having been employed by several large 
As Pacif- 
ic Coast manager, he will have charge 


companies in that capacity. 

service of all .Lincoln 
that 
arc welding machines, 


of sales and 


products in territory, including 


electrodes, ac- 
starters and other 


cessories, motors, 


products. 


Westinghouse Electric and Many. 
facturing Company announces election 
of R. B. Mildon as vice president jn 
charge of the operations of market. 
ing, engineering, manufacturing and 
service, having to do with the products 
of the South Philadelphia Works. His 
headquarters will be located at that 
place. Mildon graduated from the Ciyj] 
Engineering School of Cornell Univer- 
sity in 1900 and shortly thereafter was 
employed by Union Pacific Railroad 
and Colorado Fuel & Iron Company 
in an engineering capacity. In 1906 he 
was appointed chief engineer of Du- 
quesne Mining Company and in 1909 
became associated with Westinghouse 
Electric and Manufacturing Company 
in charge of the gas producer depart- 


ment of the machine works at East 
Pittsburgh. In 1912 he was trans- 
ferred to Westinghouse Air Spring 


Company and re-entered the employ of 
Westinghouse Electric and Manufac- 
turing Company in 1916 as assistant to 
vice president. Recently he has been 


in charge of the stoker department. 


Dorr-Oliver Corporation, after affil- 
iation for three years, it has agreed to 
The Dorr Company, Inc. 
and Oliver United Filters, Inc., will 
operate independently of each other. 

Oliver United will, 
take the further adaptation and mar- 
filter in the 
other 


dissolve. 


however, under- 
keting of the Dorrco 
United States and in 
countries; and Oliver United products, 
will be handled in 
the 


certain 
filters, 


including 
European territories by foreign 
representatives of Dorr Company. 
Both Dorr and Oliver United will 
continue to be represented in South 
Africa by E. L. Bateman, Pty. Ltd, 
Johannesburg; in Australia by Crossle 
& Duff, Pty. Ltd., Melbourn; 
Japan by Andrews & George Co. Inc, 


Tokyo, acting independently for each 


and in 


company. 
The separation of the 


panies has been brought about on an 
many 


two com- 


entirely friendly basis, and the 
personal friendships which have been 
formed among members of the two 
the past three 
years will be continued. 


organizations during 


The Edwards Valve & Manufactur- 
ing Company, East Chicago, Indiana, 
announces appointment of McGregor 
Midco Build- 


representative 


Engineering Company, 
ing, Tulsa, as its 
Oklahoma, Northern Arkansas and the 
Texas Panhandle, for the sale of high 
pressure, high temperature valves for 
refinery and boiler plant service. 
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